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TECHNICAL EDUCATOR: 

BEING THE TECHNICAL SERIES OF “CASSELL’S POPULAR EDUCATOR.” 

IT^TRODUCTIO^^ 


Bepoee entoring upon the coUrfle of lessons which we 
lire about to lay before our readers in The Technical 
Educatoe (which is intended to furnish a practical 
Hoquol to tlie theoretical lessons contained in The 
P opuLAE Educatoe, and to which work indeed it forms 
a nectussary supphnneuiO, it appears desirable to state 
f is understood by Toclinical Education, and to give 

no general idea of the system upon which it is our 

t(jnf ion to proceed. 

Technical Education, ns wo liave alread}^ explained 
in the address To our Readers” in the concluding 
volume of The Popular Educator, moans literally 
educAtion in any special art, and in this sense, of 
course, it is capable of almost the wid(‘st application. 
There is, in fact, no calling in life, no pi'ofession, voca- 
tion, or oin])r()yinent , from statoerafl and diplomacy 
downwards, through the long liiu's of brain-work and 
hand-work, ■wliose followcTs do not rt‘quire a t<.*chnieal 
education peculiarly suited to it to enabh' them to pursue 
it with the best results to theins(dves and the large.st 
amount of ben(‘fit to otliers. At the present day, how'- 
cver, the term “ Technical Education ” is not generally 
understood in so wide a signification, ])ut it is confined 
to special instruct ion designed to enable men wlio live 
by hand labour to apply to their handicraft the lead- 
ing principles of science which bear more especially 
upon it. 

Without going to the length of giving a detailed list 
of all the different classes of hand-workers to whom 
this special kind of art instruction may be of benefit^ 
Nve may at least indicate in geiu'ral terms the course 
of instruction we purpose to adopt in these volumes. 
The subject which primarily affects those wlio wmuld 
receive benefit from Technical Education is Drawing 
in its practical application to the various Constructive 
Arts, as well as to Design and Ornament ation. Papers 
on these subjects, together with tlie kindred ones of 
Perspective, Projection, and Practical Geometry^ 
will run through the volumes of The Technical Edu- 
cator, those on Technical Drawing for Trade Pur- 
poses embracing Drawing for Carpeidcrs and Joiners, 
Masons, Metal-Workers, and several others. Design will 
bo treated under its various conditions and in its different 
styles, bofh as regards purity and corrocfiiess of form, 
and harmony and balance of colour. With regard to the 
latter portion of tlio subject, special information will 
1)0 given in a series of papers upon the Theory of 
CoiiOUR. Tho subject of Drawing is in one branch 
intimately connected with that of Practical Building 

*1— N.E. 


Construction, which will form anofher portion of 
our series, and will treat of such points as tho priu- 
cijiles of construction generally, of scaffolding, and tlie 
! strength, resistance, and applicability of different build- 
1 iiig materials. 

I The principles of Mechanics and Machinery have 
already been laid down in The Popular Educator. 
In the present volumes avo shall supplement this infor- 
mation by describing the practical application of tlicst^ 
principles to the machincr}', tools, and agricultural 
implements in ordinary use. Special papers will also be 
dcA'oted to tho Steam-engine, in its various applications 
to locomotive and mechanical pnrjioses. A set of papers 
upon the principles and practice of Electric Telegraphy 
will form a ])ractical continuation to the information 
already giA^en on that subject iii The Popular Educator. 
Other important subjects Avliich Avill form part of our 
scheme are Civil Engineering and tho kindred scioiici^s 
of Military Engineering and Fortification, Avhile 
AA"o sliall also tr(\‘)t of Sanitary Engineering and of 
Avliat may bo termed Agricultural Engineering— 
tho drainage and irrigation of land, and making of fences 
and roads. 

In tho present day no subject possesses more interest 
and importanco than Electrical Engineering, and a 
series of papei*s on it is, therefore, indi.spen8able in a work 
of this character. 

A portion of our apace will bo devoted to an account 
of the A^arious Animal, Vegetable, and Mineral Pro- 
ducts used in Trade, and the processes of their manufac- 
ture from tho raw material into ai*ticles of utility and 
ornament. Closely allied to these subjects is Practical 
Chemistry, Avhich Avill bo treated of in its ai)plicatioii to 
Trade Purposes and Manufactures, and also to Agriculture. 
Tho course of iustructiou we luiA^e thus laid down Avill bo 
suificiently comprehensive to include cA^ery branch of handi- 
craft Avork ; but in addition to this, some 8j)ecial branches 
of manufacture Avill also receiAm separate treatment. 

Wo have noAV enumerated some of tho subjects inwlucli 
} direct instruction will bo given, and Ave have thought it 
I adA^sable to add to tliem some others Avliieh will form a 
A^ery interesting isn’t ion of the Work, being at tho same 
time of a character both practical and instructive. Among 
these Avill ho giA^en descriptions of several of the Prin- 
cipal Seats of Industry; Biographies of Notable 
j Inventors and Manufacturers, Avith accounts of 
their work ; a sketch of tho Progress and Practice 
OF Technical Education; besides other features of 
ponnaneut value. 
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THE TECHNICAL EDUCATOR. 


t]bi^r economic usee, and a statomont of their comparative com- 
mercial value, in order that the appliancee of social life and the 
claims of civilisation may advance with the progress of inquiry 
and the diffusion of knowledge. 

Energy and skill ore alike taxed for the discovery of new 
properties in the animal, the vegetable, and the mineral king- 
doms ; or for the further utilisation of properties long known. 
A careful study, then, of the contents of a collection like that 
in the South KoiiKington Museum, together with the greater 
variety passing through our Custom-house from the cargoes of 
all naUons, must bo highly important, while it can hardly fail 
to bo interesting. 


2. Aniiidosa (Latin, annulus^ a ring), or ringed animals. 
Examples : crabs, leeches, and insects. 

3. Badiata (Latin, radius^ a ray), or radiated animals. 
Examples : the sea-anemone and rod coral. 

4. Protozoa (Greek, protos^ first, and zooUf animal), or first 
animals. Example : the common sponge. 

We now purpose to take up the various animal i)roducts in 
Buccossion according to the above zoological arraugomont. Wo 
begin with the highest and most useful class of Vertebrata, 
or the 

PRODUCTS OF THE CLASS MAMMALIA. 


ZOOLOGICAL CLASSIFICATION. 

Naturalists have arranged the animal kingdom into two \ 
grand divisions, though some authorities subdivide it to a ‘ 
further extent in accordance with the latest results of special 
research. As, however, wc cannot here pretend to the exhaustive 
treatment of the scientist, the more simple olassifioation will 
bo sufiioient. 

1. "Vkutebrata (Latin, ver/o, I turn), or vertebrated animals, 
having the central 




portion of the ner- 
vous fjyatom, or the 
brain and spinal 
cord enclosed, the 
former in a cavity 
oallod the cranium 
or skull, and the 
lo^tter in a canal 
composed of a suc- 
coHsion of united 
ToHobne, or bony 
segments, or, as in 
some fishes, of car- 
tilage. 

The vertebrated 
animals are ar- 
ranged in five divi- 
sions or classes : — 

1. Mammalia 
(Latin, mamma, a 
teat). — Animals 
which possess mam- 
nmry glands aiid 
suoklo their young, 
bringing them forth 
.alive. Examples ; 
the monkey, ox, 
seal, elephant, and 
whale. 

2. Aves (Latin, 
avis, a bird). — Ovi- 
parous vertebrated 
animals oovorod 
with feathers and organised for flight. 

an, pheasant, and eagle. 

3. BeplUia (Latin, reiw, to creep). — Cold-blooded vortohratod 
animals, covered with scales or hard bony plates, terrestrial or 
aquatic, air-breathing, and endowed with extraordinary powers 
of endurance under abstinence, or against bodily injury. 
Examples : the turtle, snake, crocodile, lizard. 

4. Amphibia (Greek, amphihios). — Fish-like in the early period 
of their existence, breathing exclusively by gills, and having a 
two-ohamberod heart, finally becoming air-breathers, acquiring 
lungs and a throo-ehambered heart, losing wholly or partially 
their piscine character, and becoming more or loss terrestrial. 
Examples : the frog, toad, and protons. 

5. Pisces (Latin, pisas, a fish). — Oviparons vertebrated 
animals haying a branchial respiration, a covering of scales, 
and an organisation for life in the water. Examples : the 
sturgeon, cod, and herring. 

II. Invbrtebkata, or animals destitute of a cranium or 
skull and .a vertebral column, comprise four sub-kingdom a, 
although some biologists arrange them into six groups. 

1. Mollusca (Latin, mollis^ soft), or soft-bodied animals, 
JK>pularly known as shell-fish. Examples ; the oyster, pearl- 
oyster, and mussel 
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Examples : the ostrich, 


This class comprises twelve orders, viz. j — 

1. Bimana (Latin, his, twice, and manus, the hand), or two- 
handed animals. Example : man. 

2. Quadrumana (Latin, quatuor, four, and mamis, the hand), 
or four-handed animals. Example : the monkey. 

3. Cheiroptera (Greek, cheir, the hand, and pteron, a wing), or 
hand-winged animals. Example : the bat. 

4. Insectivora (Latin, insccta, insects, and voro, I devour), 
insect-eators. Examples : the hedgehog, mole, and shrew. 

Carnivora 
(Latin, caro, carnis, 
flesh, and voro, I de- 
vour), flesh-eaters 
Examples: tholioii, 
tiger, fox, and er- 
mine. 

G. Cetacea, (Gr. 
hetos, a whale), or 
whale-like animals. 
Examples: th:j por- 
poise and whale. 

7 . Paenydermata 
(Greek, paeUnt, 
thick, and derma, 
skin), or tliick- 
skinned animals. 
Examples ; the ele- 
phant, horse, and 
pigr. 

8. Bitminaiiiia 
(Latin, raminare, 
to ruminate), rumi- 
nating animals. Ex- 
amples : the stag, 
ox, and sheep. 

0. Edentata (l4a- 
tiii, edenf at us, with- 
teeth) , toothless 
animals. Examples ; 
the sloth and arma- 
dillo. 

10 . B ndentia 
(Latin, rodere, to 
Examples : the squirrel, rat, rabbit. 


gnawing animals, 
and hare. 

^ 11. Marsnplalia. (Latin, marsupium, a pouch), or pouched 

' animals. Examples : the kangaroo, opossum. 

! 12. Monofremata (signifying with one orifice or outlet), 

beaked, non-plaoental mammals. Examples : the echidna, or 
porcupine ant-eater, and the omithorhyiichus or duck-mole of 
Australia, to which country those monotromatous animals are 
I peculiar. {See Fig. on this page.) 

The extensive class, Mammalia, supplies us with food in the 
form of flesh and milk : also with fur, wool, skins, hides, horns, 

: hair, hoofs, fats, oils, bone, ivory, etc. In some instances every 
, part is available — os, for example, in the horse. Leather i^ 
made from the skin ; tlie hair is manufactured into hair-cloth 
and bags for crushing seed in oil-mills ; the flesh furnish os 
; food for dogs poultry, and even men ; the intestines, a covering 
j for sausages ; glue and gelatine are formed from the tendons • 
knife-handles and phosphorus from the bones; and buttons 
and snuff-boxes from the hoofs. 

I I. FURS. 

j We derive furs from all the orders of the Mammalia, with two 
’ exceptions — Bimana and Cetacea. Man and the whales are well 
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Icjiown to be smootb-Bkiimed animals. It is, however, the 

l.^aTnivara and Rodentia principally which supply the market 
with furs. All our furs, both home and foreign > are either 
felted or dressed ; the former are used in the manufacture of 
hats, the latter as articles of clothing. Fur is one of the most 
perfect non-conductors of heat, and therefore, if properly pre- 
pared, makes the most comfortable clothing that can be worn in 
cold climates. We find the animals there provided by Nature 
with this substance for their own protection, and therefore man 
has tvlopted it as the moat suitable clothing for himself. In the 
prepared state skins are called furs ; without preparation, peltry. 

The hunter, as soon as the animal is captured and killed, 
strips off the skin, and hangs it up to dry, either in the open 
air or in a warm room. If the skin is well dried and properly 
packed, it may bo sent to any distance, and will be received 
in good condition ; but if any moisture is left in the skin, or 
if it becomes exposed to damp on the voyage, putroftiction 
Dnsuos, the hair falls off, and it is unfit for use so far as the 
furrier is concerned. A minute examination of the skins 
received is therefore the first thing to bo done ; the grease is 
removed by steeping them in a liquid containing bran, alum, 
and salt, and by washing and scouring them ; and the oil is 
extracted from the fur with soap and soda. By subsequent 
treatment, each skin is tanned and converted into thin leather. 
It is now washed in clean water and dried, and is then ready to 
bo made up into articles of dress. 

Felting is a process by which the different kinds of hair and 
wool are interlaced or intertwined, so as to form a close com- 
pact texture or mat. The felting capabilities of fur depend on 
the peculiar structure of the hair. Hair capable of felting has 
its surface covered with little sorraturos, which may bo soen 
with the microscope j and the felting consists in simply en- 
tangling those serratures with each other, and so matting the 
hairs together. Hair which is devoid of this serrated structure 
will not felt. 

Tho felting furs are confined to a few animals, such as the 
hare, rabbit, beaver, etc. These animals have two kinds of hair : 
a long and coarse kind, forming their visible external covering, 
which does not felt ; and a shorter, finer, and more abundant 
kind, which lies close to the skin, and is called tho fur, and 
which does felt easily. When tho skins are intended to bo 
felted, thcFo long hairs arc first removed, either by being plucked 
out, or by very careful shearing. In the case of tho beaver and 
rabbit, tiie long hair is pulled out with a short knife, the 
thumb of tho operator being protected by a leather shield. 
Tho long hairs thus removed are of no use to tho hatter, but 
arc sold for stufiing chairs. Tho fur is then out from the skin 
in a light fleecy mass, and the flocks arc tossed about by tho 
strokes of a vibrating string or bow, until matted together 
into a thin sheet of soft spoiigy felt ; a second shoot is pressed 
upon it, and then a third, until the required degree of strength 
and thickness of felt is obtained, Tho following are the most 
important of the fur-boaring animals : — 
gUADKUMANA. 

The chief monkey-furs imported are those obtained from the 
^owl-vrs^ tho largest of tho Now World monkeys. They arc 
made up into muffs. 

CARNIVOKA. 

Those animals, next to the monkeys, are tho most closely 
allied to man in organisation. Naturalists have divided them 
according to their mode of progression, which depends on 
certain peculiarities in the structure of their feet, into three 
leading groups ; — 

1. The Digiiigraday or finger-walkers (Latin, digitus, a 
finger, and gradior, 1 walk), from tho habit of walking on their 
toes. Examples : the lion, tiger, and cat. 

2. Plantigrada, or sole-walkers (Latin, planta, tho solo of 
tho foot), because applying the whole or the greater part of 
tho sole to tho ground when walking. Examples : tho bear, 
racoon, wolverine, and badger. 

3. IHnnigrada, or fin- walkers (Latin, pinna, a fin or feather), 
having their feet well adapted for progression through the 
water, by an expansion of tho skin or wob between the digits, 
and also for some slight degree of progression on land. 
Examples : tho boeiI and walrus. 

DIGITIGRADA. 

This division of the Carnivora includes tho family 


(Latin, felis, a cat), so named by Linnffius, because an excellent 
example is furnished in the common domestic cat. These arc 
characterised by the strong, sharp, retractile talons with which 
all their toes are armed ; they have teeth to correspond, pecu- 
liarly adapted for dostro 3 ring other animals, and for tearing, 
dividing, and crushing flesh. Their sight is keen, to enable 
them to discern their prey, and they have great power of dis- 
sembling, so as to bo able to lure their victims to destruotioii. 
It is most fortunate for mankind that these formidable animals 
have not tho instinct of sociality ; otherwise, what could with* 
stand a troop of lions or tigers hunting in concert like wolves ? 
The most celebrated species of this genus is — 

The Lion {Fclis leo ). — This magnificent animal is distributed 
over the .Mrican continent and the southern parts of Asia. ITiu 
long flowing mano of tho male gives him a majestic appeararice. 
His courage and strength are both indisputable, but ho is as 
genuine a cat as tho tiger, and quite as bloodthirsty and cruel 
in his disposition. 'Tlie lion skins imported into this country 
oome chiefly from Africa. 

WEAPONS OF WAK.-~^I. 

BY AN OFFICER OF THE ROYAL ARTILLERY. 

INTRODUCTION. 

In order properly to appreciate the various improvements which 
through successive centuries have boon introduced in weapons 
of war, and of wliich we see the combined results in the per- 
fected arms with which tho modern soldier is provided, it is 
essential first to recognise distinctly tho object which weapons 
ore required to fulfil. In this way alone can we hope to obtain 
a firm grasp of tho relative merits of particular typos and 
classes of arms, and of tho considerations which have recom- 
mended this simplification and that modification, which have 
determined the rejection of one weapon atid tho introduction 
of another. 

What, then, is the use and object of weapons of war ? What 
principle has ever governed tho advance of this branch of tho 
world’s industry and ingenuity ? The answer to these questions 
is best furnished by a brief reference to tho general history of 
tho subject. The theoreti(5al starting-point is that remote 
epoch when man attacked his enemy and his prey with the 
weapons with which Nature had provided him. We say “ theo- 
retical,** becA,U 80 the actual oxistenco of such an epoch is 
extremely doubtful, and in any case it must have been of 
insignificantly brief duration. That quality whicli distinguishes 
man from tho brutes must early, if not immediately, have en- 
lightened him as to tho advantages to bo derived from the 
employment of aocossory moans of attack or defence. By a 
strange contradiction, the stream of almost Satanic ingenuity 
which since tho time of Adam or of Cain has gone on widen- 
ing, and deepening, and strengthening — the tide of invention 
which has brought us tho cannon and the rifle, tho shell and 
tho torpedo, which lias improved tho rude guns of tho fifteenth 
or sixteenth centuries into the Armstrong of the present, which 
has changed Brown Bess into the Martini-Henry, which has 
developed the “ infernal machine ” of Fieschi into tho mitrail- 
leiir of our own day — this stream took its rise in tho God-liko 
<inality of reason. Man’s intelligenco at once prompted him to 
do that which was to the beasts, against whom his earliest 
wars were made, imiiossible, viz., to second his efforts by such 
assistance as he could draw from material resources. To weight 
tho fist with a stone, to add force to the blow by means of a 
stick or club —such were the expedients at first mlopted, and 
which wo know, on the highest of all authorities, were employed 
in tho daybreak of tho world’s history with fatal success. But, 
by degrees, that faculty which had suggested those rude auxi- 
liary weapons, reached forward to other devel<)j>ments, and 
gave us the fashioned side-arm of definite form, the shaped 
weapon of stone or flint, of wood and bronze, of iron and steel. 
And then, as tho study of tho art expanded, it became obvious 
that a great advantage would result from the adoption of con- 
trivances which would enable the enemy to bo struck at a 
greater distance than hand v^eapons permitted ; and so we get 
to the class of missile weapons — to the javelin, tho assegai, 
and others, to be thrown by hand, and tho projectile weapons, 
such as tho blow-pipe, for projecting poisoned darts, the bow, 
the cross-bow and the sling, and tho more powerful engines of 
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vrar» snoli as tho catapult and ballista. And novr wo strike the 
track which loads more directly down to our own ago. The 
ranjre of these projoctilo weapons w-as so small, and their 
accuracy was so imperfect, while tho importance of rau^o and 
acQ^facy became so conclusively established, that tho next con- 
sidorablo development naturally took these directions. At this 
point wo mark tho introduction of gunpowder, by which the 
ranges of offensive weapons and their practical importance wore 
at once immensely increased. 

With tho introduction of fire-arms wo mark, indeed, a now 
epoch, although tho object remained tho same — the killing or 
disabling of one’s enemy at the greatest distiinco, and with the 
greatest ease and certainty. Tho art received a now impulse ; 
tho “ villainous saltpetre ” breathed into it a new life ; and since 
that time men have laboured with an unfailing zest at the per- 
fecting of fire-arms, to the gradual pushing into the background 
of mere hand or missile weapons. During this period the suo- 
ooBsive improvements have nearly all taken the form of some 
advance in the production of long-range arms of precision of 
increased destructiveness. Tho groate.st distance, the greatest 
and most irresistible certainty of destructioti — these wore the 
two main elements of success, and tho attempts to achieve 
success on these linos have advanced us from the blunderbuss 
to Brown Bess, from Brown Boss to tho Brunswick rifle, from 
tho Brunswick rifle to tho Enfield, from the Enfield to the 
MarUni-Honry. With cannon, in the same way, pressed 
by the same considerations, wo have * advanced from the rude 
appliances of tho sixcoonth and sovontconth ooiiturio.s to the 
?imooth bores whitdi won tho victories of Nelson and of Wel- 
lington, and, again, to tho rifled guns of Armstrong, and Whit- 
worth, and WoolwieJi. Again, from tho simple round shot of 
an early age, or tho rude and imperfect shell of tho seventeenth 
century, wo have travelled forward, always in tho direction of 
increased dostriictivenoss, to tho shrapnel, and the segment, 
and the huge, far-reaching common and double shell, with their 
otiormous charges of powder, and t ) tho Pal User projectiles, 
which sot at defiance the stoutost armour-plating. 

But, beyond a point, precision and range lose their practical 
value. Whore exactly that line is to bo drawn it is difficult to 
say. Some enthusiasts would probably place it at tho limits 
of . human vision ; practical soldiers, however, know that other 
considomtions than these really dotormiuo the limits. At all 
events, when men had got to military rifles, which would shoot 
with accuracy for half a mile or tliroo-quartcrs, their instinct 
instructed them to seek to exercise their ingenuity in another 
direction. To multiply the rate of fire, within the limits already 
attained, became tho problem of tho day, and the result of this 
movement has been tho introduction of brooch-loading rifles of 
immense variety, and many of surprising oxcollcnce. 

' This brief and imperfect outline of the history of the subject 
will enable us to note tho <iireotion in which the tide of im- 
provomoiit has gradually but surely set, and to recognise, in a 
general way, tho objects which tho artillerist and the rifleman I 
have endeavoured to attain. j 

But it is also important to recognise tho influence of other | 
considerations besides those of achieving dotorminato results. 
War is an art essentially of practice and not of theory ; and 
while theorists have been elaborating complex contrivances for 
the destruction of human life on the largest possible scale, the 
soldier, in his blunt way, has been ever at hand to exclaim : 
“ C’ost magniflque, mais oe n'est pas la guerre.” Simplicity 
in warlike appliances is a necessity of their existence, which 
unpractisod designers arc apt to overlook. Economy, too, is 
a consideration which tho soldier cannot afford to disregard. 
Ca))ability of resisting rough usage, transport, exposure, and 
climatio changes may also be classed among the essentials 
of engines of war, the due observance of which limits tho 
channel along which the military inventor must travel. In tho 
case of warlike stores for English use, these considerations 
are especially important, on account of the scattered nature of 
our dependencies, the variety of climates to which the stores 
are likely to be exposed, and the certainty that, in transport to 
our distant possessions, they will have much rough treatment 
to endure. This is a lesson which inventors, unfortunately, are 
slow to learn. They pursue a phantom of theoretical excellence 
in utter disregard of tho consideration that the soldier wants 
tho real, not the ideal. They trample ruthlessly on the prac- 
tical arguments which are opposed to their headlong progress, 


and push impatiently on one side the objections which those 
who know what war is venture to suggest. Even so distin- 
guished a man as Lord Armstrong has not steered clear of this 
rook, and we find that, whore his inventions in war materiel 
have trenched upon the province of the artilleryman proper 
— ^in his first breeoh- closing arrangements, for example, in his 
fuses, and his shells — they have all been more or less failures. 
When only mechanical, as distinguished from practical military 
considerations, were concerned, as in the structure of his guns, 
they have boon eminently suoooasful. To those readers who 
may now, or at some future time, conceive the idea of designing 
some weapon of war, we would give this serious advice : What- 
ever you may propose, be practical. Seek the advioe, if you 
can, of some plain-spoken soldier; one who has seen service ; one 
who knows something of the hurry and confusion and destruc- 
tion of action, of tho roughness of military transport ; who can 
tell you of tho rains and heats of India ; who knows how clumsy 
are a soldier’s fingers, and how little suited to ingenious refine- 
ments ; one who oan tell you, too, something of the brilliant 
failures of scores of clover but unpractical inventions, of fair 
hopes and extravagant promises wrecked on the first contact 
with tho rough touchstone of practice — one, above all, who will 
not mineo matters, but will say plainly, if need be, “Yours is 
the silliest and most unpractical invention which I have over 
seen.” Ho is tho best friend to tho inventor who speaks thus; 
he is tho best frioTid also to his country, for ho thus directs tho 
invontivo genius of the country into a useful course, instead of 
allowing it to filter itself away through vain channels into 
dreamland. On tho other hand, wc desire fully to recognise 
that the inventive mechanical genius and resource of England 
arc among her native a<lvantag03, as substantial and important 
as her coal mines — advantages to bo fostered and cherished by 
all means, and to be promoted by a liberal policy of encourage- 
ment on tho part of both soldiers and tho Government. 

If tho present papers should have tho effect of directing 
attention to war material, atid stimulating tho ingenuity of 
some who may honour them with their perusal, they will have 
accomplished more than tho writer can dare to expect. Ho, 
on his side, would fail of his duty if he did not, with all 
emphasis, urge those who would enter upon tho difficult and 
precarious path of improving our war material, to bo, above all 
! things, simple and practical. As Frederick tho Great said, 

} “ What is not simple is not possible in war.” 

I In considering this subject it will bo most convenient to 
j treat fir.st of portable arms, and then to proceed to tho 
! exaniinatioTi of artillery weapons. 

Each of these classes — portable arms and artillery * — admits 
of further and almost indefinite sub-division. Wo will pro- 
ceed to consider thorn separately, under their particular 
heads. 

rORTABLK AHM.S. 

Under this lu i,d are included all weapons which arc borne 
upon a man’s person. 

They uro of two principal divisions : — 

(1.) Side-arms. 

(2.) Fire-arms. 

(1.) Under tho head of side-arms are included swords, spears, 
lances, daggers, bayonets, pikes, javelins, arrows, and the like. 
The class is really a more comprehensive one than many persons 
suppose. Tho great advances made with fire-arms must be 
acknowledged to tend to push such weapons as swords and 
bayonets into a more subordinate position. If you can kill 
your enemy a mile off, the prospects of his being able to close 
with you are ovidently loss than when tho range of your 
weapons was only a few score yards. Similarly, the grreat 
increase in the rapidity of fire of modem fire-arms renders 
less possible a successful charge of cavalry upon an infantry 
lino or square, and by so much reduces the value of the sabre 
or tho lance. But those considerations, which are perfectly 
just in themselves, have been pushed too far by theorists, and 
many have hastily and improperly jumped to the oonolusion 
that tho days of the bayonet and sword are gone by. To 
this the experience of the Franoo-Prussian war furnished an 


* The classes have been placed in the above order because that 
order is, to some extent, historical, and indioatoa roughly where the 
most anoient and most modem oontrivanoos will generally be fauna. 
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emphatic eontradiotion. It is quite clear that despite the im- 
provoments in fire-arms, hand-weapons still possess consider- 
able importance — that they may even determine the crisis of a 
stubborn figfht. If an obstinate enemy cannot bo dislodged from 
his entrenchments by a musketry or artillery fire, against which 
his defences may afford him ample protection, he must bo driven 
out with the bayonet, at whatever cost, and this was actually 
done more than once in the war already alluded to; while, 
although cavalry may no longer bo employed to ride down 
infantry squares, they will still bo required to sweep over the 
fields of battle, to complete a disorganisation already com- 
menced, to convert a retreat into a rout, to drive homo the 
wedge which the rifle and cannon have inserted. Here, there- 
fore, we see a continued use for the bayonet, the sword, and the 
lance ; and, accordingly, we find all those weapons retaining 
their place in the British service. 

There are a oonsidorablo variety of swords in use in our 
army — the whole being made at the Royal Small Arms Factory 
at Enfield. The principal typos of swords are those for the 
cavalry, and the navy cutlass. Of the other ten sorts of swords 
enumerated in the official vocabulary, the greater part are for 
Serjeants, for Highland regiments, for volunteer non-com- 
missioned officers, etc. Pioneers have a sword with a saw- 
back, which is found useful in sawing through wood, removing 
obstacles, and doing some of the special work which pioneers 
are required to perform. It is noticeable that there is a grow- 
ing tendency to utilise hand- weapons for more than one purpose. 
This is perhaps a natural result of the decreased importtinco of 
these weapons for the particular purpose to fulfil which they 
wore originally introduced. 

We thus find that at one time a sword-bayonet with a saw- 
foack was proposed and tried with the Martini-Henry rifle. 
This v^'apon, although it served to saw fire- wood on an 
<?mcrgeney, and was useful for clearing away light obstacles, 
was found to bo cumbrous and top-heavy. Therefore as the 
now rifle was shorter than the old Enfield pattern, a plain 
friangnlar-headod bayonet about twenty-one and a half inches 
long —that is, about two inches longer than the old weapon — 
was iiitroduoed, and is now in use in the service. A plain 
Hword-bayonet is still used by the artillery. 

Other com bination -bayonets besides the one noticed above, 
have been proposed by some inventors ; although none of them 
Jiavo proved any more serviceable than the one already notioed. 
'rims one woapoti was at once a spade or trow'el and a 
bayonet ; sometimes too the bayonet was so broad and flat that 
it could be worn round the neck as a piece of defensive armour 
for the breast. 

Some of the best — probably the best — swords in Europe are 
manufactured at Solingeii, in Rhenish Prussia. Not less re- 
markable than the oxcollonco of these weapons and their fine 
temper, is their cheapness. An infantry officer’s regulation 
Hword, with scabbard complete, can bo bought at Solingen for 
ttoinotliing nuder .£1 ; an artillery officor’s swortl for about a i 
guinea. If purchased of good London makers, those weapons 
•cost from JJ4 to <£5 ; but the London swords, the blades for 
which are generally obtained from Birmingham, are in no 
respect bettor than those made at Solingen. 

Visitors to the Paris Exhibition of 18G7 will not readily 
forget the magnificent exhibition of sword cutlery furnished by 
M. Carl Reinh Kirschbaum, of Solingen, and which, although 
surpassed in decorative excellence by some of the French makers, 
whose highly ornamental and costly swords are rather examples 
of goldsmiths’ than of cutlers’ work, was unequalled for solid 
■excellence and cheapness by any swords in the Exhibition. The 
::>olingon makers prefer oast steel to damascened blades ; the 
introduction of the iron by which the damascened appearance ie 
produced being considered apt to soften the sword and spoil its 
liigh oharaotor, which is estimated in a great degree by the just 
and oomplote “ return ” of a blade after bending. All sword- 
rnakors are very far from agreed upon this point. By some it 
is tliought that tlie extent to which a sword will bond is even 
more important than its perfectly accurate return to straight- 
ness after bonding. 

Qn this point the following remarks occur in the official 
report on the “ Portable Arms ” in the Paris Exhibition : — 
The power which a blade may have of c traightening again iu 
xicoopted by the Solingen makers almost as a crucial test of its 1 
excellence ; and when a sword is bent to a point beyond which ’ 


it cannot return perfectly straight, they would almost prefer it 
to break than that it should exhibit softness and remain crooked* 
On the other hand, it is argued by some that, although it is 
well that a sword should straighten, it is better that it should 
remain permanently bent than that it should break, a bent 
sword being more serviceable tlmn a broken one ; and the 
Solingen makers ore considered to lay undue stress upon the 
straightening qualities of the sword. As, however, the flexibility 
of a blade depends, after its quality, upon its transverse section, 
and as Solingen exhibits swords which will bend almost round a 
man’s body, it would seem as though all the flexibility that 
could possibly be desired can bo obtained without any admixture 
of iron. "When a Solingen maker says lie prefers that his sword 
— ^if it bo bout beyond what it is capable of standing — should 
break rather than remain crooked, the burden of proof rests 
upon others of showing what useful purpose would be served by 
making a blade capable of bending further at the ezpenae of 
some softness.” 

! Next to the sword and the bayonet the lanoe is the most 
! important of military hand-weapons. Skilfully used, the lance 
' is a most formidable weapon ; unskilfully used, it becomes a 
terrible onoumbranoo, and instead of being a weapon of 
I defence, is really a source of danger. In India the lance is 
largely employed. It is peculiarly useful in pursuits or 
in isolated combats. A few years ago, the bamboo staff was 
adopted for the lance of the British soldier, as being lighter 
than ash. Of the lioad of the lanco there is not much to ho 
said, except that it should be made of a good quality of steel, 
and of a form favourable to inflicting a serious wound. In the 
British service, the triangular head is preferred to the siiuplu 
conical point. 

It is unnecessary, wo think, to dwell at any greater length 
upon the subject of weapons of the sword and lanco class ; nor 
is it worth while to touch upon the assegais of Africa, the 
arrows of the Indian, or the javelins and spears still in vogue 
among some of the ruder nations. The consideration of these 
weapons can have no practical value. They are interesting 
rather from an antiquarian i)oint of view, and as so many 
examples of the ingenuity of man in producing a large variety 
of means of attack and defence. The missile weapons — such 
as the javelin, the djorid, and the arrow — have completely lost 
their importance now that fire-arms have reached so high a 
pitch of ilevelopment, and can be procurtHl even by the poorest 
ami most savage nations. Even hand-arms proper, such as 
swor<^R, lances, and bayonets, have faded into a subordinate and 
wholly secondary position, although, for special purposes, they 
must over retain a certain value. But we must hasten on to the 
more interesting branch of our subject, and to the consideration 
of fire-arms, about which wo shall have much to say. 


PIIOJECTION.— I. 

INTRODUCTION. 

In the Lessons in Plane Geometry given in the Popular 
Educator, the figures treated of are such as possess length 
and breadth only, these figures being considered as traced upon 
a flat surface, called a plane, thus showing their exact forms as 
they are really known to be. 

In these papers we shall treat of the delineation of Solids 
— that is, bodies which possess not only length and breadth, 
bpt thickness as well ; and the science by which lines are so 
disposed that the roprosontation of the object may seem ta 
stand out, or •project^ from the flat surface of the paper, is 
called Projectiony which is a branch of Solid or Descriptive 
Geometry. 

The subject may be divided into — 

Orthographic Project%on^ by moans of which objects are pro- 
jected by parallel lines from given plans, elevations, or other 
data, the object being placed in any given position. 

Isometrical* Projection^ by means of which a view of an 
object is projected at one definite angle, a uniform scale, pro- 
portionate to the real measurement, being retained throughout. 

Perspective^ by which objects are drawn as they appear to the 
eye of the spectator from any point of view that may be 
selected. 


* From two Grtek words, meauiug equal measures. 
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The present oonrse of lessons will embrace the whole of these 
divisions ; combining also the mode of obtaining required sec* 
tions, the methods of describing the peculiar curves generated 
by one solid body intersecting or penetrating another, and the 
development of surfaces — that is, the construction of the exact 
shape to Vhich a metal plate or other material is to be out, so 
as to form or cover the required object in the most ready and 
accurate manner, and with the least waste — a branch which 
will be further considered in subsequent studios, devoted to the 
technical drawing adapted to the requirements of the metal 
plate-worker, boiler-maker, and tinman. The lessons are given 
in 08 simple a manner as possible, so that the student may bo 
able to follow them with interest, and may bo led to desire still 
further instruction than is here afforded ; and it is hoped that 
the pleasure and benefit ho receives from knowledge may awaken 


ELEMENTARY PRINCIPLES OF PROJECTION* 

Fiff* 1- — If WO place two planes or surfaces at right angles to 
each other, so as to form a floor and a wall, the floor, A B, is 
called the horizontal, and the wall, c d, the vertical, planes of 
projection. 

THE PROJECTION OP LINES. 

No. 1.* — Let US take a piece of wire, and fix it in an upright 
position, a 5, then the point on which the wire rests is called 
the horizontal projection, or plan ; and if wo carry lines directly 
back from its extremities until they out the vertical plane in c 
and d, the line c d is the vortical projection or elevation of the 
wire. 

No. 2. — If a wire, c /, bo fixed at right angles to the verticiJ 
plane, the point/, in wliich it is fixed, is the elevation, being 



in him that spirit of enthusiasm which is the mainspring of all 
progress. It has been from the want of enthusiasm that o\ir 
workmen have been content with tlio small amount of know- 
ledge which they have obtained from their “mates” in the 
shop* It has boon this apathy which has caused so many to 
be satisfied with the “ rule of thumb” instead of the rule of 
science. It is not the province of these lessons to dilate on the 
natural history of enthusiasm ; but our object is to warm up 
the spirit of our fellow-countrymen — to convince them that, if 
they will but study the princii)lc8 of the sciences on which 
their trades ore based, they will, with their acknowledged 
manual superiority, hold their own against the men of every 
country in the world. Let us, therefore, interpret interest in 
their oconpation to imply enthusiasm; and lot us tranalato 
enthusiasm to mean that spirit which urges every man to do his 
work as well as it can possibly he done, and to develop the 
mental powers with which his Creator has endowed him to their 
lullest extent, so that when he leaves the workshop of life he 
may, in the words of liOngfellow, leave “ footprints in the sands 
of time.” 


the view which would be obtained if the model were placed on 
an exact level with the eye, the point e being immediately 
opposite the spectator, so that the end only of the wire could 
bo seen. If now perpendiculars are dropped from e and / until 
they meet the horizontal plane in g and h, the line uniting g 
and h will be the plan of the wire, or the view obtained by 
looking straight down on it. It must be remembered that iu 
projection the visual rays are supposed to bo parallel to each 
other, and not convergent,'* as in pictorial perspective. 

Further, if we suppose a wire, % j, to be suspended in space, 
perpendiculars dropped from its extremities to cut the hori- 
zontal plane will give the plan kl; then, if lines bo drawn 
from k and I to meet the vertical plane in m and n, and perpen- 
diculars be raised from those points, intersected by lines drawn 
from the ends of the wire parallel tok m and I n, the points o 
and p will be obtained, and the line joining those will be tho 
elevation of the wire % j. 

* Convergent, from con, with, and vergo, to incline (Latin),— ariaing 
in various points, and approaching each other until they meet. 
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In the model uaed for illnatrating this lesson, the yortioal 
and horizontal planes are connected by hinges, and are kept at 
right angles to each other by means of a brass loop. If now 
tlie wires be removed, and the pin, r, be withdrawn, so as to 
allow the plane, c p, to fall backwards, the two pianos of pro- 
jection will form one surface, separated only by the lino 1 1* 
(Fig. 2), and the plans and elevations will be seen in the posi- 
tions in which they are placed in projection. 

The lino separating the two planes is called the intersecting 
line, and will bo lettered i L throughout these lessons. 

It must be borne in mind that the •plan of an object does 
not moan merely the piece of ground it stands upon, but the 
space it overhangs as well : thus, the piece of ground on which 
the small lodge (Fig. 3) would stand, is represented by the 
dotted square in the plan, whilst the true space which the build- 
ing covers or overhangs is represented by the outer square. 

It will be seen that in all the figures hitherio shown the 
lengths of the plans and the heights of the elevations are the 
same as the heights and lengths of the objects they represent : 
thus cd is the same length as a 6, and k I and o p are the same 
length ij ; but plans are not always the size, nor are eleva- 
tions always the full height, of the object, both being dependent 
on the i)ORition or angle in which the subject to be drawn is I 


y 

I li. From d drop a perpendicular to out this line ; then ae is 
the plan of b d in the position in which it is now placed (viz., 
parallel to the vertical, and inclined at 60® to the horizontal 
plane) ; and if the movement of the wire were continued until 
it reached / (it would then be parallel to both planes), the plan 
would bo the same line extended to 

The lino b d is said to bo placed at a simple angle,' because it 
is inclined to one plane, but remains jjarallel to the other. Let 
ns now feupposG the wire fixed in this slanting position, as far as* 
its inolinatibn to the horizontal plane is concerned-*— but if the 
whole hinge is made to rotate on a pivot, so that, without alter- 
ing the slant, the end d may be turned forward — the line will 
then be at a compound angle, that is, it will be inclined, or 
slanting, to both planes. 

Now it will bo romombered, that although we have turned 
tho wire round, wo have not altered its slant to the horizontal 
plane ; it will therefore overhang a piece of ground of exactly 
the same shape and size as it did in Fig. 4 ; but the position of 
that space will be changed. Lotus now assume that, in addition 
to the wire being inclined at 60® to the horizontal, it is required 
to slant at 45® to tho vertical plane. Place the plan, h i (Fig. 5), 
at 45® to tho intersecting line, and draw perpendiculars from 
its oxtremitios ; tho line from h will cut the intersecting line in 


Fig. 7. 



Fig. 8. 



placed. Before proceeding to treat of tho ohangos which lines 
undergo by alteration of position, it is necessary that the terms 
used to define such positions should be understood, and for this 
purpose we again refer to Figs. 1 and 2. 

Hero we havo the line a b standing upright on the floor of 
tho model, and as its distance from tho wall is the same through- 
out its entire length, it is said to be at right angles (or per%tcn^ 
dicular) to the }u»rizov.tal, and parallel to the vertical plane. 
The line ef is said to be at right angles to the vertical, and 
parallel to the horizontal plane ; and it is evident that the line 
i j is parallel to both planes. 

It will be seen that whilst tho plan of a line when standing 
upright is a mere point (Fig. 2, a), the plan of tho same line 
when placed horizontally, as kl,ia the full length of the original. 
Figs. 7, 8, 9, and 10 will account for this difFeronce, and will 
show how the length of the plan is dependent on tho angle at 
which tho line is inclined. 

\ Let the original position of a wire (Fig. 4) bo perfectly 
upright, then its plan will be the point a, and its elevation tho 
line b c. 

Now, if this wire be made to work on a hinge-joint at b, and 
if the end c be moved from loft to right, as from c to d, the 
end d being kept the same distance from the wall of the model, 
tho wire will still be parallel to the vertical, but inclined to 
the horizontal piano (of course it may be inclined at any angle ; 
in this case it is at 60®). 

To find the plan of this wire, draw a line from a, parallel to 


jf, and will give the base of the line. To find its height, we 
must remember that, although we turned the wire round, wo 
did not alter its slant, and therefore the height of the end d 
remains the same as it was ; so that a horizontal line being 
drawn from d (Fig. 4), to meet the perpendicular drawn from 
i in tho point fc, the lino j k will be the jwojection of the wire 
inclined to both pianos at the required angles. 

It will bo seen that in this case both plan and elevation are 
shorter than tho lino itself. ^ 

Exehcise. — To find tho real length of a line when it is 
inclined to botli planes, and its plan, h i, and tho height of tho 
end is given. Draw a line, i at right angles to hi, and make* 
it equal to the given height. Then the line h I ivill be the real 
length; for the plan, the original line, and a perpendicular 
dropped from its end form a right-angled triangle ; and this 
triangle, instead of standing upright, as in Fig. 4, is placed 
horizontally in Fig. 5 ; and the line h I will thus bo found to be 
of tho same length as b d. This may be illustrated by holding 
a set- square vertically, and rotating it on its edge until it lies 
on the horizontal plane ; tlie real length of the long edge (or 
hypothennse), which when the set-square was vertical was repre- 
sented by its plan, h i, will then become visible. 

Fig. 6. — Again, it has been shown that if a wire wore fixed 
at o, at right angles to the vertical and parallel to the hori- 
zontal plane, its plan would be m n, and its elevation tho 
point 0 ; and if it were rotated on the point n until it became 
parallel to i L, its plan would be n p, and its elevation o q ; 
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but, on the principle shown in Figa. 4 and 5, it; will be evident 
that if the wire be rotated only oa far as r, the elevation of it 
will bo the lino o s. 

PROJECTION OF PLANES OR SURFACES. 

The some laws which gaido the projection of single lines will 
also govern the delineation of planes, which are flat surfaces 
bounded by lines. Let ahcd (Fig. 7) bo a metal plate, the 
surface of which is parallel to the vertical and perpendicular to 
the horizontal plane > its plan will then bo the line a' h\ If 
now this plane be turned, so as to bo at right angles to both 
pianos, its plan — that is, the line on which it would stand — 
will be a' h' (Fig. 8), and its elevation the lino a" c", or the view 
obtained when looking straight at the long edge. 

Now let this plane rotate on the lino a" c", as a door on its 
hinges, until the plan reaches 6", then a perpendicular drawn 
from h' will give the rectangle a" c" 6"' d'", which will bo the 
projection of the plane, when perpendicular to the horizontal 
and incUnod to the vertical plane, the height remaining unaltered. 
The other rectangles show the projections of the plane when 
further rotated. 

Fig. D. — In this figure the piano again rests on a h, its edge, 
h d, only being visible in the elevation ; but this edge hides tho 
opposite one, whic.i is parallel to it, and therefore tho i)oints a 
and c" are immediately at tho back of, or “ beyond,’' h d. Let 
08 now rotate tho plane on a h, as in closing a box-lid or trap- 
door, then tho plan of the piano will be tho rectangle a he' d"; 
and the more the plane is lowered, the longer the plan will 
becomo, as is shown at c and/. Notwitlistanding tho slanting 
direction which tho plane has assumotl in relation to tho hori- 
zontal j)lano, it still remains at right angles to the vortical 
plane. This is shown in tho plan, where tho lines a h ami c" d", 
which represent tlie upper and lower edge of tho piano, are per- 
pendicular to I L. Lot us now i)laco tho piano at a compound 
o /igle ; this will bo done by rotating tho plan {car»>fiilhj lettered., 
us in Fig. 9) ; then, perpendiculars drawn from each of tho 
points, intorsoctod by horizontal linos from the (corresponding 
points in tho elevation, will give tho required projection. Tho 
l)roci!8s is so ))lainly shown in the illustration (I’ig. 10) that it 
is believed further explanation will bo unnecessary. 

Tho student is urgently rocommondod not to bo content with 
simply copying the (iiagrams heroin given, which arc merely to 
bo considered as illustrations of principles — and thus, unless 
those principles bo understood and applied, nothing will be 
4 jained ; but ho is earnestly advised to vary the form of the 
plane, and to project it at various angles. 


MINERAL COMMERCJAL PRODUCIvS.— I. 

INTKODUCTION— MINERAL RAW PRODUCE. 

While wo are indebted to tho animal and vegetable worlds for 
a vast variety of useful products used for food, clothing, medi 
oino, the constructive art.s, and a countless number of other 
purposes, it is from the mineral kingdom that we obtain our 
coal, iron, building stone, precious nustals, salt, otc. Of tlio 
uses of the.se and other mineral commercial products namctl in 
the annexed tivblo, it is our purpose to give some account in this 
and Bubseiiuent lessons in thi.s important subject. Mineral 
raw \)roduoe may be conveniently divided and considered as 
follows : — 

I. Metals and Metalliferous Minerals. 

Iron : Magnetic iron ore, titanifero'ns iron ore, red hmmor- 
iite^ hrown hoematite, spathic oreSy clay ironsto^ies, other 
ores. Process of smelting, puddling, etc.; steel, supply 
of iron. Gold, silver, quicksilver, platinum, tin, copper, 
lead, zinc, aluminum, antimony, bismuth, cobalt, arsenic, 
manganese, chromium {with their chief ores, uses, locali- 
ties, otc.). 

II. Earthy Minerals. 

(a) Coals and allied Substances. 

Coal : Lignite, bituminous coal, steam coal, anthracite. 
Supply of coal. Jot, amber, naphtha, petroleum, asphalt, 
mineral pitch. 

b) Limestones, Limes, and Cements. 

Common limestones, ornamental limoHtr}nes, and so-called 
marbles ; marble, coral limestone, marl, calcareous sand, 
gypsum ; composition of limes, stuccoes, and cements. 


(c) Silicious and Felspathic Substances. 

Book crystal, quartz, and flint ; sandstones, paving, mill, 

and building stones ; silicious sands, rottonstone, Bath 
bricks, Tripoli powder, Bilin powder, berg-mehl, tellurine. 

(d) Igneous and Metamorphic Rocks. 

Granites : Syenite, mica, talc, asbestos, serpentine, basaltic 

rooks ; greenstone, whinstone, trap, lava, obsidian, pumice* 
stone, pozzuolano, and trass. 

(e) Clays and allied Substances. 

Common clay, yellow, brown, and blue ; kaolin and pe- 
tuntse, pipe clay, fire clays, Stourbridge clay, fuller’s 
earth, rod and yellow ochres, slates, hone stones. 

(/) Earths of Sodium, Potassium, Boron, Sulphur, etc. 

Common salt, rock salt, soda, chlorine., alum, natron, borax, 
saltpetre or nitre, cubic nitre, heavy spar, oelostine, 
strontianito, fluor spar, sulphur, sulphuric acid, graphite 
or plumbago ; mineral manures, phosphates of lime, 

(g) Precious Stones. 

1. Carbonaceous: diamond. 

2. Aluminous : ruby, sapphire, emerald, topaz, corundum, 
garnet, beryl. 

3. Siliceous ; amethyst, Cairngorm stone, agate, sardonyx, 
opal, chalcedony, camolian, jasper, lapis-lazuli, turquoise. 

1.— METALS. 

IRON. 

Tliis valuable and indispensable metal is, in a variety of 
forms, almost universally diffused throughout the earth. It is 
of incalculable use in all the appHaucos of modem civilisation 
— ^in machinery of every description, instruments, iinplornonts, 
and tools of all kinds ; architecture and domestic fittings and 
utensils ; conveyance, both inland and maritime ; apparatus for 
warming, lighting, and water supply ; and oven in medicine, to 
impart renewed vigour to the failing human frame. It occurs 
in all parts of the earth, in all geological formations, to which 
it contributes a groat part of their colouring matter ; it is 
found in all spring and river waters ; and it enters into tho 
composition of both plants and animals. It is present, too, as 
the principal ingredient, iti tho extraordinary fragments called 
meteoric stones, and is thus a constituent of worlds beyond our 
own. It can be melted and cast into moulds, softened, and 
hammered out into plates, drawn out into bars and wires, tem- 
I>orod to nlmo.st any degree of flexibility, hardened so as to 
scratch glass, and sharpened to tho keenest cutting edge. In 
some of its natural forms, and also when l)eated to redness, 
iron is highly magnetic. Pure iron is white, or greyish-white, 
lustrous, soft, and tough, and it is one of the most infusible 
of motals (fusible at 3,480'^ Fahr.). Its specific gravity is 7*84. 
When beaten out it appears granular in stmeturo ; when drawn, 
fibrous; and to this latter peculiarity is attributed its extra- 
I ordinary tenacity. 

Metallic iron as it occurs in meteoric stones is usually alloyed 
with nickel and other metals, but its occurrence as terrestrial 
native iron is doubtful. There are many minorals containing 
iron, but of these only tho oxides and carbonates are so used 
by the smelter ; they are magnetic iron or loadstone, specular 
and micaceous iron ores, tho red and brown hajinatitos, the 
spathose ore and the clay ironstones. 

The maximum dovolopmeut of iron ores appears to bo in the 
Palffiozoio rocks, the largest and richest deposits being con- 
tained in -the Laurontian rocks of North America and Scandi- 
navia ; they are abundant in tho Devonian rooks of Germany 
and south-west of England. Tho Carboniferous system is esi^e- 
cially marked by the presence of interstratifioci argillaceous 
carbonates, both in America and Europe. Tho celebrated 
kidney ore of Cumberland is found in Permian strata, tho 
Secondary rooks are rich in bedded deposits of ironstone, and 
tho Tertiary series yields Umonites. 

Magnetic iron ore, or Magnetite, is the black oxide (Fe^O^, or 
FeO -+• Fe^Og), and contains 72*41 per cent, of iron. It occurs in 
many parts of tho earth in huge mosses, forming the substance 
of hills and oven mountains, as in tho mountain of Blagod, 

I among the Urals, and in some hills of Swedish Lapland, Mexico, 
and Styria. In Canada magnetite is found abundantly in the 
I gneiss and oiystalline limestones constituting the Laurentian 
recks ; it occurs in irregrular beds, often of considerable thick- 
ness, in one instance as much as 200 feet. In the State of 
New York this mineral occupies the Valley of Adirondack and 
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its neiffhbourkood for a mile in width and twenty miloa in' j reduction. There are many varieties — that called the “ black 
length. In our own country it occurs in Dartmoor, at Boso- band ’ ’ being among the most valuable, from the ease and 
dale, and in Antrim ; and it is founa also in New Jersey, Penn- cheapness with which the ore may bo calcined, by burning it 
sylvania. Nova Scotia, and parts of the East Indies. This ore in heaps without any additional fuel. 

is not only the richest in pure metal, but furnishes also the The ores are extensively worked in South Wales, Monmo’ith- 

finest qualities. It is remarkable, however, that some veins, shire, Shropshire, Staffordshire, Yorkshire, Derbyshire, Lav trk- 
without any apparent chemical difference, produce finer iron shire, Stirlingshire, County Antrim ; in Belgium, Silesia, United 
than othoi’S. The produce of the mines of Dannemora in States, North China, Japan, India, Brazil, and Tasmania. 
Sweden is of the finest descrijition, and is employed in the pro- Ireland has large deposits, which are not much worked. Clay 
duotion of the highest class of steel. Magnetic iron ore ooours ironstones are not confined to the Carboniferous rocks, but are 
chiefly in veins and fissures in dioritea or doleritea, or in inter- extensively met with in the Lias, Oolite, and Woaldon, and 
stratified masses in motamorphic rocks. even among Tertiary rooks. Of this character are the rich 

Tiianiferous iron ore contains proto- and per-oxido of iron, iron distriot of Cleveland, in Yorkshire, and similar deposits in 
titanic acid (an oxygen compound of the metal titanium), and Franco. — — 

magnesia in variable proportions. The bar iron or steel made TTJ’rnTXTTn A r T'kT* a WTTSir< T 

from titaniferous iron ore possesses unusual strength and a i D1\A W J JN (jr. — 1. 

peculiar mottled appearance. This ore is chiefly employed INTKODUCTION. 

with others to impart a high degree of toughness bo the metal The practice of Drawing is of such paramount importance in 

produced. the mechanical arts, that in addition to the scientific principles 

Red liCBmatite is a sesquioxide of iron (FeaO^), with 70 given under the titles of Practical Geometry, Projection, Per- 
por cent, of iron. It is distinguished from the loss rich brown spoctivo, Building Construction, etc., a chapter devoted specially 
liaomatite by its rod streak, that of the latter mineral being to Drawing* applied to various trades will appear with frequent 

brown in colour. Rod haematite is known by special names, regularity in the Technical Educator. In these lessons 

according to its different varieties : — the various methods of delineation of brickwork, timber cou- 

Upecular iron ore, oltijiste, or iron (jlavce, is brilliant, hard, structions, masonry, mechanism, screws, tooth of wheels, etc. 

and distinctly crystallised. It is found in Elba, Brazil, etc. etc., will be given ; the principles of construction and their 
Micttceous iron ore is scaly, crystalline, loosely coherent, and application being in every case fully described. / 
similar to graphite in structure. It is mot with in South The course of lessons will be so arranged as to combine 
Devon. lanear and Freehand Drawing, whilst Object and Model Draw- 

Kidney ore is a hard botryoidal variety, devoid x)f lustre, such Ing will be combined with Perspective and Projection in another 
as that of Cumberland. set of lessons, the first of which appears simultaneously wdth 

Red ochre is a compact, earthy, and more or less clayey variety, this, 
and is usually employed in the preparation of red and yellow Each of these branches will be again divided and sub-divided, 
ochres and umbers. and thus, in Linear Drawing, foundations, piles, coffer-dams. 

Red hwmatite occurs abundantly in England and Wales, and, wooden bridges, roofs, staircases, doors, gates, machines of 
being, rich, is much used for mixing with the poorer ores of the various kinds, and steam-engines, with all their details enlarged, 
Coal formations in the process of smelting. The red ore is will form the subjects of lessons. Alternately with these will 
worked in Cumberland, at Ulvorstone, in the Forest of Dean, be given drawings of masons* and bricklayers’ work, etc. etc. 
Cornwall, Nortli Wales, Ireland, Belgium, Nova Sootia, Elba, Mouldings, borders, scrolls, etc., tlio forms of tools, etc., form 
Sweden, Missouri, and the neighbourhood of Lake Superior. portions of the Freehand section ; whilst practical instruction 
Brown iron ore or hwinatUe consists essentially of three equi- in the uses of mathematical instruments, and in the method 
valoiits of water united to two of X)eroxide of iron, or 2F02O5 •+• ,of colouring drawings, will complete the course, which it is 
3HjO, and is compact and earthy. hoped will bo found practically useful to the artisan, whatever 

Oolhite is another hydrated oxide (FojOg-p HjO), but it is may be his particular branch of industry, 
icryiitallised. Both minerals are usually included in the smelter’s Some description of mathematical instruments 1ms already 
term “brown licematito,” and, though resembling the red in appeared in an early volume of the Popular Educator. It 
outward appearance, are distinguished by their brown streak, is therefore intended hero to give instmction in the practical 
Hog-iron ores, and those deposited in the beds of lakes by the use of them. It must be understood, however, that it is only 
action of infusorial life, belong to this group of iron ores. by constant practice that the power over the instruments is 

Brown hroraatites are largely worked in the Carboniferous acquired ; and the student is therefore urged to rule lines of 
rocks of England and South Wales ; in the Lias of Oxfordshire, various thicknesses, to describe articles of different sizes, and 
Northamptonshire, and Yorkshire; in the Lower Greensand to repeat the most elementary figures, first in pencil and then in 
near Devizes, and in Buckinghamshire ; in Oolitic strata in Indian ink, so as to achieve that manual dexterity and refine- 
France, Bavaria, Wurtomburg, Luxemburg, etc. ; and in the mont which are so necessary for the mechanical draughtsman. 
Woaldon rocks of the Boulonnais. Bog-iron ore is abundantly Jjot your paper be rather smaller than your drawing-board, 
developed in North Germany, Sweden, Norway, Finland, and so that the edges may not project. 

Canada. To fasten the pai)er down, wet the back, and then paste i ho 

Hideriie, spathosc iron, oc hrown spar, is a carbonate of the edges to the board; let it lie flat whilst drying. This is only 
Iirotoxido of iron (FoO,COj), or, commonly speaking, carbonate necessary when the drawing is likely to bo some time in hand; 
of iron. The spatliic ores are sparry or crystalline, and are for exercises such as are con- 
associated with varying quantities of carbonate of lime and of tained in this volume, it will 
magnesia. Spathic ore, when pure, is white ; but it becomes bo sufficient to fasten the paper 
reddish on exposure to the air. It is particularly abundant in down by means of drawing-jdns, 

Styria, whore the mountain Erzborg, near Eisonorz, is capped which may be bought at one 
by the mineral to a thioknoss varying from 200 to 600 foot ; in halfpenny each. 

Carinthia and other parts of Austria ; at Siegen, in the Stahl- The best T-square.s are tho.so 
berg, or “steel mountain” (Rhenish Prussia); and in the whore the blade is screwed ortr 
United States (Now York and Ohio). The principal English the butt-end, as in the illustra- 
deposits are those of Weardale, in Durham ; Exmoor, Devon- tion (Fig. 1), as this allows of 
shire ; and Brendon Hill, in Somersetshire. the “ set-square” (or triangle) 



Clay ironstone is an amorphous argillaceous carbonate of 
iron, mixed with small quantities of lime and magnesia, and 


passing freely along ; whilst, when the blade is mortised into 
the butt-end, the sot-square is stopped when it comes against 


sometimes, as in the “ black band,” with bituminous matters. 
The poorest of the serviceable ores, they are, nevertheless, in 
Britain, the most important, furnishing nearly two-thirds of 
the total yield of iron. Being mostly connected with the Coal 
formations, they are cheaply worked, having in immediate 
proximity a plentiful supply of fuel and limestone for their 


the projecting edge. 

The T-square is to be worked against the left-hand edge of 
the drawing-board, and should be used for horizontal linos only 
— perpendiculars are best drawn by working the set-square, as 
above, against tlie T-s<]uare ; for if the T-square be used for 
perpendicular as well as horizontal lines, the slightest inaooui* 



THE TECHNICAL EDUCATOR. 


12 

racy in the truth of the edges of the board would prevent the the penoil-work in ink ; the ink must be Indian ink, as already 

lines being at right angles to each other. mentioned, and it is advisable to mix a small quantity of indigo 

There is in some cases of mathematical instruments an with it, as otherwise it has a tendency to turn brown. When 
implement called a “parallel rule,” made of two flat pieces of you mix the Indian ink, do not rub it very hard, as by tliat 
ebony or ivory, connected by two bars of brass. The student means you roughen the edges, and break off small pieces — they 

is not advised to use this in obtaining parallel lines, as, unless may be small indeed (and do we not frequently find failures 

the instrument be in very good order, and very carefully used, caused by very trifling obstacles ?), but they work between the 

the lines drawn will not be nibs of the pen, and cause roughnesses and irregularities of 
parallel. The best way to thickness which materially damage a drawing, 
draw linos parallel to each On examining the inking-log, you will find a joint in it. Ihe 
other is by means of two sot- purpose of this is to enable you to bond the log at that point, 

squares.* Thus, let it be so that the part which contains the ink may be kept perpen- 

required to draw several lines dioular to the surface of the paper whilst describing a circle, 
parallel to A B (Fig. 2). Place for if the inking-leg wero kept straight as the stool one, when 

the edge of one of your set- the compass is opened to any extent, only one of the nibs (tho 

squares, c, against the line, inner one) will touch tho paper, and thus the outer edge of the 
and place tho otlier set-square, circle drawn will bo ragged and rough. In drawing circles, be 
D, against tho first ; hold D careful to lean as lightly as possible on the steel point, so that 
^ firmly down, and move c your centre may not bo pricked through tho paper, for then, as 
along tho edge of D, and each concentric circle is drawn, the hole will become larger, 
thus any number of parallel lines may bo drawn ; and if linos until all chance of following the exact curve will be lost, and 
at right angles to tho parallels are required, it is only necessary when you come to ink the drawing you will find tho difficulty 
to hold c, and place D on it, as shown in the dotted portion of still further increased. “ Horn centres “ are sometimes used, 
tho figure. Those are small circular pieces of horn with three needle-points 

In inking the drawings, use Indian ink, not writing ink, fixed in them ; one of these may be placed over tho centre 

which rusts tho steel of the instruments, and so destroys their on the paper, and pressed down ; the horn being transparent, 
refinement. Indian ink may bo obtained from twopence tho the centre-point will be visible through the small plate, and the 
stick. If you intend inking the drawings, you must work tho steel point of tho compass may be placed exactly over it. This 

original pencilling voiy lightly. i® O'!! very well in large drawings, and where the circles to 

From the very onset aim at refinement, neatness, and ahao- be drawn are at some distance from tho centre ; but where 
lute accuracy. Do not bo satisfied if your work is nearly numerous small circles, immediately surrounding tho centre, 
right. Try again, and, if necessary, again ; and, with in- are required, os in tho projections of the sections of cones, the 
creased care and porsovoronoe, success will be the certain result, horn plate is useless, as it will cover some of the space on 

which circles arc to be drawn ; and further, the point resting 
now TO USE MATHEMATICAL INSTRUMENTS. jg raised above tho surface on which the other is working, 

The most important instrument is tho compass. A complete a-nd in small circles this will be a dis advantage. Tho student 
pair of compasses consists of the body of the instrument and therefore reminded of the old adage, “Prevention is better 
three movable parts — viz., tho steel, the pencil, and the inking- than oure,“ and he is assured that if from the outset ho on- 
legs, which are fixed in their places either by a screw, or by doavours to lean lightly on tho instrument, practice will soon 
the end of the leg fitting aoouratoly into a socket in the end of place him beyond the necessity for the aid of tho horn centre, 
tho shorter leg of tho compass, and kept in its place by a pro- The following hints will bo found useful : — 
jeeting ledge, which runs in a slit in the upper side of tho that tho stool point of your compass is rounds and not 

socket. This is by far tho better method, and is used in nearly triangular, which latter form opens the little hole far more 
all modem instruments ; its advantages over tho screw form than the point would if it were round. 

are, first, that the movable log only remains firm in its place 2. See that this point is not too thin ; it should be rather a 

as long as the thread of the screw is in good order, but the very blunt point than otherwise, only just sharp enough to prevent 
force used to tighten tho pressure wears the thread away, and slipping away from tho centre. 

then the leg shakos. The oonsequonoo of this can bo very well Should either of these two faults exist, they may bo easily 
imagined, when we remember that one of tho loading purposes romodied by drawing tho point a few times over an^ oil-stone, 
of compasses is to draw circles, for unless the leg bo absolutely remembering to keep turning it round whilst moving it along, 
firm the circle will not bo true, and the point of the pencil or 3- Hold the compass loosely between tho thumb and forefinger 
inking-leg will not moot tho starting-point, and so an ugly only, allowing tho instrument to rest with equal weight on both 
break will be caused ; and, secondly, that tho screw, being but Points, and merely using the finger and thumb to support and 
small, is very liable to bo lost. grnido it. 

Be careful that in drawing tho movable logs ont you do not WhoTi a circle is required of a larger radius than can be 
wrench or bend them from side to side, with the view of getting reached with the compass in its usual ferm, a “ lengdihening- 
thom out more easily, for by that moans you will widen tho bar’' is used. This is an extra brass rod, which fits into the 

socket, and cause the instrument to work inaccurately : tho «ncket in tho log of the compass, and has at its other end a 

proper way is to draw the leg straight ont. socket into which the end of tho pencil or inking-leg fits. This 

Tho stool point is used when dikancos are to bo accurately P®'** compasses with one log very much longer than 

measured or divided, and therefore com})assos which have both the other, and which i.s, therefore, rather awkward to manage, 
points of steel are called “ dividers.” A pair of these is found Hero again the student is reminded that tho pencil-log and 
in most cases of instruments. inking-pen must be bent at tho joint, so that they may be por- 

Tho pencil-log is used for drawing ares, circles, etc. Bo pondicular to the surface of tho paper, 
careful that you keep it exactly tho same length as tho steel '-I'bo full-sized compass is, however, not well adapted for 
one ; this is acoompUshed by drawing tho pencil out a little drawing small circles, and therefore a complete case of instru- 
after each sharpening. In very old-fashioned instrutnents tho *B6Bts contains tho bow-pencil and tho bow-pen. These are 
pencil is held in a split tube, which is tightened around it by simply smaU pairs of coinpasses, tho first of which has a pencil 
means of a sliding ring; but in those of modem make a short tho other an inking-leg. These will be found very useful, 
spUt tube is placed at the end of a solid leg, and tho cheeks of and may be purchased separately if not in tho case, 
this “ cannon-leg ” are tightened by a screw. This is by far ^’or still smaller pni-poses, “ spring-bows ” are used. These 
tho better construction, as by its means tho pencil is not only constitute in themselves a smoU set consisting of dividers, 
more firmly held, but tho points of tho compass may be brought pencil, and inking-bows. The logs, instead of being united by 
more closely together than in the older form. ^ hinge-joint, are mode in one piece, so as to form a spring, 

The use of the inking-leg (as its name implies) is to repeat vrhich by its action tends to force tho points apart ; they 

then anted upon by a nut, which, screwing upon a bar fixed in 

’ Get two set-squares (about sixpence each), the one having angles ! one leg and passing through the other, closes the legs in the 
of 45®, 46®. and 90®, and the other 30®, 60'’, 90<». j most minute degree possible. These will be found of immense 
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service in the higher branches of mechanical and architectural 
drawing, where very small arcs and circles are required, as in 
the delineation of tlio tooth of wheels, mouldings, and other 
architectural details. 

Another important instruniont is the drawing-pen, which is 
something like the inking-lcg of the compasses already described; 
it is, however, generally smaller in its nibs, and is fitted on to 
an ivory or ebony handle. The ink should be placed between 
the nibs by means of a camel’s-hair brush. The pen should be 
held nearly uprightf with its flatter side next to the rule, the 
end of the middle finger resting on the head of the screw. 
Before you ink any lino of your drawing, bo careful to try 
your pen on another piece of paper, in order that you may 
ascertain whether the lino drawn by the pen would be of the 
proper thickness, and if not the pen may bo adjusted by means 
of the screw, which acts in a way similar to the screw on the 
spring-bows already described. Before putting your inking-leg 
or drawing-pen away, be sure to wipe it well, and finally to 
pass a piece of paper between the nibs, so as to remove any 
ink that may have dried, or any grit which may have been 
deposited. 

The rule, or straight-edge, which you use when inking your 
lines, must have a bevelled edge ; and' further, the bevel must 
be turned downv^ayds towards the paper. This will avoid any 
smearing which might occur if the edge of the rule were to 
touch the imper whilst the lino is wet. 

Scales of different sorts are used in mechanical and archi- 
tectural drawing; but as the subject of the present lesson 
does not necessarily involve working “ to scale,” the uses and 
construction of those will be fo;md appended to the lessons on 
the above-named sections of sciontifio drawing. ■* 

The protractor, used in measuring and constructing angles, is 
described, and its uses explained, in the lessons in Practical Geo- 
metry (Popular Educator, Vol. I., page 113) ; repetition here is 


information for the benefit of the praotioal farmer. Some forty 
years or so ago, that distinguished agriculturist, Mr. Pusey, 
stated that husbandry was only indebted to Chemistry for a 
receipt for making bone manure and a suggestion to utilise 
fiax-steopings as a fertilising agent. However unfounded such 
assertions may have been when they were made, it is now gene- 
rally conceded that Chemistry has conferred the most important 
and lasting benefits upon agriculture. It has thoroughly inves- 
tigated the composition of plants ; it has shod a flood of light 
upon those wonderful processes by which the vegetable mechanism 
organises into the most complex subatancos the lifeless mineral 
matters furnished by air, soil, and water ; and it has discovered 
inexhaustible sources of fertilising materials, vrith which the 
exhaustion of our heavily-taxed fields may bo indefinitely post- 
poned. By its aid farmers are protected from fraud in the 
purchase of artificial manures and “artificial foods” for cattle. 
Those arc but examples of the benefits which Agricultural 
Chemistry has conferred upon tho cultivator of the soil ; and 
those who would aspire to be really enlightened agriculturists 
should not remain ignorant of a science so intimately affecting 
their pursuit. 

In the following chapters we purpose describing the chemical 
history of the vegetable creation, in so for as it is of interest 
to agrioulturo. We shall endeavour to show how the plant 
grows, of what materials it is composed, and by what means its 
food is absorbed ; and we shaU point out the conditions which, 
according to both theory and practice, are found to be most 
favourable for tho full development of tho cultiyated plants. 
Finally, wo shall consider tho means by which vegetable sub- 
Btances ore ro-organised into still higher combinations of matter 
— ^into the moat, milk, and butter which constitute so large a 
Ijortion of the food of man. At present the Chemistry of tho 
feeding-house is of equal importance with the Chemistry of tfco 
field. 


therefore unneccs- Tho solid crust of tho earth, so far as it is accessible to our 
sary, and we proceed research, the atmosphere which surrounds our globe, tho waters 
to mention what are i which cover so large a portion of its surface, the innumerable 

called “French' vegetable forms ,which clothe and adorn tho world, and the 

curves ” (Fig. 3). '■ animals which find subsistence on its brood bosom, all have 

Those are rules cut j formed the subject of chemical investigation. Minerals, vege- 

into an almost end- i tables, animals, all are found to be composed of a comparatively 

less variety of small number of substauoes, termed simple hodAes, or elements. 
shapC8,oneofv/hich ' Chalk is a compound mineral substance. By analysing — that 
is here shown : they arc used in inking curves. To do this, j is, by decomposing — it, two other substances, termed lime and 
.you must turn your French curve about, until some part of ; carbonic acid gas, can bo extracted from it. By a further 
it corresponds with the form already drawn in pencil, which j analysis, lime is resolvable into a white metal, called calcium, 
may then be repeated in ink, tho pen being guided by t e i and a gas termed oxygen ; whilst from carbonic acid gas a solid 

Tronch curve. If you cannot find any portion of your juloj substanoe — carbon or charcoal — and oxygen gas are obtainable, 

whicli will correspond with tho whole of youj* pencilled curve, * Chemical analysis shows us, therefore, that the compound 
draw as mnoh of it as you can, and then find the remainder at I mineral substance chalk is proximately a compound of lime 
some other p^ of your French curve, er on another one. As i and carbonic acid, and ultimately constituted of carbon, 
these useful implements may bo had in innumerable patterns, j calcium, and oxygen. 

at a very moderate price, the student is advised to provide Carbon, calcium, and oxygen are regarded as simple, or 
himself with two or three of them ; but the writer wishes elementary substances, because up to tho present no chemist 
it to be plainly understood that he does not imply that by has succeeded in decomposing them. Whilst wo can extract 
moans of French curves trsohand drawing may be dispensed from chalk, oil of vitriol, nitre, bones, starch, flesh, and thousands 
witli. On the contrary, he urges this practice on all students ; of other articles, from two to nearly a score of different kinds 



for tliore is such variety of foi-m in drawing, that no mechanical 
means can pos:ur.;ly supersede tho necessity for the accurate and 
refined education of the eye whioli is obtained by that study ; 
and further, a little practice will enable students to draw many 
curves by hand in loss time than it would take them to find 
their places on the French curve. 


of matter, we fail in procuring from oxygon anything save 
oxygon, from calcium anything save calcium, or from carbon 
any substanco except carbon. 

There are known to exist sixty-three kinds of matter which 
resemble carbon and oxygon in being undecomposable. These 
are tho raw materials with wliicli Nature builds up her multitu- 


dinous structures. Some of thorn are found in a free or nneom- 


A GRICULTURAL CHEMISTRY.— I. 

BY SIR CHARLES A. CAMERON, M.D., PH.D., 

Professor of Hygiene in the Boyal College of Surgeons, Ireland; 
Analyst to the City of Dublin ; Honorary Member of the Now 
York State Agricultural Society, etc. etc, 

CHAPTEE I.— ON THE ELEMENTAEY CONSTITUENTS 
OF PLANTS. 

During recent years Agricultural Chemistry, like most of the 
other branches of experimental soienoe, has made groat and 
permanent progress. Not many years sinoo it was regarded as 
a mere philosophical pursuit, which, however interesting the 
abstract truths revealed by it might be, afforded no useful 


bined state — gold, oxygen, and nitrogen, for example — but the 
great majority always exist in combinations. Water is a (com- 
pound of two elements — oxygen and hydrogen; oil of vitriol 
contains three — ^namely, oxygen, hydrogen, and sulphur ; alum 
is composed of four — aluminum, potassium, sulphur, and oxygen. 
A large proportion of the elements ooour in very minute quan- 
tities, and at present we know not the functions which they 
perform in the economy of Nature. Four simple 8ubstanoe.s — 
oxygon, hydrogen, carbon, and nitrogen — constitute tho atmo* 
sphere, water, nearly half the weight of the crust of tho 
globe, and by far the greater part of all animal and vegetable 
substances. About twenty-four of the elements form the 
familiar objects of .every-day life, and of those the greater 
number are found in the organic kingdoms of Nature. The 
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following elcmontary bodies have been found in vegetable aub- 
Btanoes, but some of them are only occasionally and merely 
accidentally present : — 


ELEMENTS FOUND IN I'LANTS. 


Non>Metallic Elsments, 

Metals, 

Oxygeu 

1 

PotasBium 


Hydrogen 

1 

1 

Calcium 

Magnesium 

Iron 


Sulphur 

.Phosphorus 


Sodium 1 

Lithium 

iFsMTit lalnei 
[ doubtful. 

Silicon 


Manganese j 

Chlorine 

[^EBsentialnesB 

Ceesium 

1 

Iodine 

j doubtful. 

Kubidium ' 

1 

Fluorine 


Copper 

1 

Bromine 

Non-Essentiah 

Lead 

Arsenic 

Zinc 

Titanium 
Barium J 

r Non~Es8entiaX, 

1 

1 


Oxygen is a colourless, odourless, flavourless gas, about eight 
hundred times lighter than water. It exists free in, and con- 
stitutes about one-fifth of, the atmosphere. Eight-ninths of 
the weight of water and more than one-third of the crust of 
the earth are made up of this element ; and it enters largely 
into the composition of animals and plants. This gas plays a 
prime part iTJ the processes of combustion and respiration, the 
decay and dissolution of organic matter, and the decomposition 
of rocks. 

Nitrogen in a free state constitutes four-fifths of the atmo- 
sphere. In combination with other elements it forms the 
important manurial agents, ammonia and nitre. It is a con- 
stituent of a numerous class of organic bodies, termed nitro- 
ijenom or albuminous. In a free state, nitrogen cannot be 
burned, neither does it support combustion or respiration. Its 
chief function is to moderate the action of the atmospheric 
oxygen, which, in a pure or undiluted condition, would act 
too energetically in the processes of respiration and combustion. 
Nitrogen is without colour, flavour, or odour, and is a little 
lighter than oxygen. 

Hydrogen is a colourless, odourless, and flavourless gm, 
fourteen and a half times lighter than atmospheric air, and by 
far the least ponderable form of matter in Nature. It is very 
rarely found free. Hydrogen is infiainmable, producing water 
by its combustion in air or oxygen. This element is an impor- 
tant constituent of plants, and is abundantly present in fats, 
oils, petroleum, and resins. 

Carbon is a solid body, which, in a crystalline state, constitutes 
the most costly substance in commerce — the diamond. Lamp- 
black, charcoal, coke, anthracite, and blacklcad are essentially 
carbon. At the highest attainable temperature, this clement 
remains infusible so long as it docs not combine with other 
elements. Heated to redness in presence of oxygon, it unites 
with that element, and produces carbonic acid gua. Carbon is 
the characteristic element of organic bodies, as it is invariably 
found in every substance elaborated under the influence of the 
vital powers. 

Sulphur is a yellow, inflammable solid, twice the weight of 
water. It occurs both free and combined, but much more 
abundantly in the latter state. Iron pyrites, gypsum (plaster 
of Paris), and sulphate of barium contain suii)hur. Certain 
compounds of sulphur with oxygen and metals are termed 
sulphates; and some of those substances occur in soils, and 
furnish plants with the small proportion of sulphur which they 
require. 

Phosphorus is an extremely inflammable substance. In 
colour and consistency it resembles white wax. It is seven- 
tenths heavier than water. Exposed to the air, it unites slowly 
with oxygen, forming a compound termed phosphorous acid; 
rapidly burned, it produces another compound with oxygon, 
which, under the name of phosphoric acid, is familiarly known 
to scientific agriculturists. This element is so inflammable 
that it cannot be handled without danger, and must be pre- 
served under water. Phosphorus is never found free. In soihs 
it ooours chiefly in the form of phosphate of calcium (a com- 
pound of phosphorus, oxygen, and calcium), but even the 
most fertile land seldom contains more than a half per cent, 
of this compound. The amount of phosphorus in whole 


plants iirobably varies from about a fourth to less than a tenth 
per cent. ; and the proportion of phosphoric acid compounds 
in vegetable ashes to from 20 to 40 per cent. Sulphur com- 
pounds are less abundantly present. 

The six non-metallic bodies which we have described are 
invariably present in plants, and they are indispensable to 
vegetable existence. When a plant is burned, its carbon, 
uniting witli oxygen, passes oif under the form of carbonio 
acid ; and its hydrogen, combining with oxygen, is dissipated in 
the condition of water. The nitrogen in general combines with 
hydrogen, and produces ammonia, the “volatile alkali;** but 
occasionally a portion, or perhaps the whole, of the nitrogen, 
uniting with carbon, forms cyanogen, which generally remains 
as a solid ingredient of the incombustible part of the plant. 
The phosphorus and sulphur are, by combustion, generally con- 
verted into solid substances fixed in the fire ; but occasionally a 
Uttlo of the sulphur may be dissipated in the form of sul* 
phurous acid. 

The substances which remain after the combustion of thf 
plant are termed its mineral or inorganic constituents, or its 
ashes. 'Ihey contain phosphorus, sulj)hur, carbon, and oxygen 
(in an incombustible form, combined with metals), and the 
metals potassium, calcium, magnesium, and iron, besides other 
elements, the essentialness of which is open to doubt. There 
are also occasionally present elements which can hordjy be 
regarded as other than accidental impurities. 

Potassium is a silvery-white metal, lighter than water. It 
rusts or oxidises the instant it is exposed to the air. In con- 
tact with any fluid containing oxygon, it burns with groat 
brilliancy, evolving a rich violet light. In order, therefore, to 
preserve this metal, it must be covered with a layer of naphtha, 
a liquid which contains no oxygen. A compound of potassium 
with oxygen is well known under the term potash, or potassa. 
Potassium salts are very abundant in plants, constituting often 
more than half the weight of their ashes. We have made 
numerous attempts to grow plants in artificial soils destitute of 
potash, but they invariably failed, except m one instance, whore 
rubidium, a metal whicli very closely resembles potassium, 
appeared to have been substituted for potassium. Under 
ordinary circumstances, however, potassium salts must b© 
abundantly supplied to plants. 

Calcium is a white metal, the oxide (oxygon compound) of 
which is common lime. Chalk, marble, limestone (three forms 
of carbonate of calcium), and gypsum (sulphate of calcium) 
are calcium compounds. Lime constitutes from 10 to 20 per 
cent, of the mineral part of plants. 

Magnesium is a light white metal. It burns at a high tem- 
perature, evolving an extromoly brilliant white light. Its oxide 
is the well-known earth magnesia. In the ashes of the seeds of 
plants, especially of the cereals, magnesia is abundantly pre- 
sent, sometimes amounting to 12 per cent. In the ashes of 
the whole plant, however, it seldom exceeds 4 or 5 per cent. 

Iron, when pure, is a whitish metal, about seven times heavier 
than an equal volume of water. It unites with oxygen in four 
proportions, producing ferrous oxide (protoxide of iron), ferric 
oxide (per- or red oxide), ferroso-ferrio oxide (black or magnetic 
oxide), and ferric acid. Iron, wo have no doubt, is an indis- 
pensable ingredient of plants. Kekule detected 3 per cent, of 
ferric oxide in the ash of gluten from wheat, and Gonip-Besanez 
found 68 per cent, in the ash of the fruit envelope of the Trapa^ 
natans. Knop could not get maize to grow when utterly 
deprived of iron. In general, the amount of ferric oxide found 
in the ash of plants is under 1 per cent., and proportions ex- 
ceeding that amount are probably useless. 

Sodium is a whitish metal, very little lighter than water. It 
resembles potassium in many respects, but it does not quite so 
rapidly tarnish as that metal. Its oxide is termed soda (sodio 
oxide), and its compound with oxygen and carbon is the well- 
known carbonate of soda — in modern chemical language, sodio 
carbonate. Common culinary salt is a compound of sodium 
with chlorine. Here we should explain that none of the metals, 
except small quantities of iron, found in plants occur in an 
uncombined state in Nature. 

Although sodium compounds are generally, and often very 
largely, present in plants, yet we are quite satisfied that this 
metal is neither indispensable nor useful to vegetables. The 
results of the experiments of Knop, Nobbe, Peligo, Siegerj;, and 
other chemists sustain this view- Our own experiments* ooiii- 
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ducted during several years, and performed with various species 
of plants, load to the conolusion that sodium compounds are 
not requisifco for the full development of plants (see Chemical 
NewSy May and June, 1862). On the other hand, Stohmann, 
the Prince of Salm-Horstmar, and other investigators, assert 
that sodium compounds are indispensable to plant life ; though 
xhey have to admit that only the merest traces are often present 
in healthy and fully-matured plants. It may be said that as 
sodium compounds (common salt, for example) are indispensable 
to animal life, Nature would have furnished a sufficient supply 
of it, as well as of the other principles of food, through the 
agency of the vegetable kingdom. It must, however, be borne 
in mind that, with the exception of water, common salt is the 
only mineral food which animals use ; for every other food sub- 
stance is, directly or indirectly, derived from plants. If Nature 
intended that salt should bo an indispensable constituent of 
vegetables, animals would not have been endowed with an in- 
stinctive longing for the mineral form of that substance. 

Lithium, caesium, and rubidium are three metals allied 
(especially the latter two) to potassium. They are widely dif- 
fused throughout Nature, but tliey occur in excessively minute 
quantities. Wo have found them in several vegetable substances, 
but they are not invariably present, and in all probability they 
are not essential ingredients of plants. Salm-Horstmar, how- 
ever, believes lithium to bo useful in the flowering of certain 
plants. The remarkable resemblance between potassium and 
rubidium and their compounds renders it probable that the 
latter might be capable of replacing wholly or partially the 
former as an ingredient of plants. 

Manganese is a metal somewhat allied to iron, and often 
found associated with the latter. Salm-Horstmar believes the 
oxide of manganese to be an indispensable ingredient of plants. 
Such, however, is not our opinion, for wo have often found 
whole plants completely free from even traces of this substance. 

The metals aluminum, barium, copper, lead, arsenic, zinc, 
and titanium have been clotected in plants, but their presence 
therein must have been purely accidental. 

The non-metal, silicon — or rather its compound with oxygen, 
silica — ^is invariably found in all plants grown under natural 
conditions. Sachs, Nobbe, Knop, Siegert, Rautenberg, Stoh- 
mann, Kiihn, Bimer, Lucanus, and others, have notwithstand- 
ing, grown plants of various kinds with perfect exclusion of 
silica, and apparoTitly without injury to the plants. Pierre has 
proved that the common opinion, attributing the “ laying” or 
“lodging” of corn to a deficiency of silica in the straw, is not 
founded on facts. It appears probable that, if silica be really 
requisite for plants, a very small proportion of it only is neces- 
sary. Silicon is a chemical curiosity, never being found in a 
free state. It occurs either as an olive-brown powder, or in the 
form of very hard brownish crystals. Its compound with 
oxygon is termed silica, silex, or silic acid. Rock-crystal is very 
pure silica ; in a less pure state silica exists as quartz, jasper, 
agate, and flint. Most rocks and soils are largely composed of 
silica. 

Chlorine gas is a yellowish-green, non-metallic body, possessed 
of a powerful and disagreeable odour. It is twice and a half 
the weight of atmospheric air. Tlie bleaching and disinfecting 
properties of this gas — and of its compound, chloride of lime, or 
bleaching powder — are well known. Chlorine, united wdth potas- 
sium or sodium, is rarely, perhaps never, altogether absent from 
plants. Except in the case of marine and sea-side vegetables, 
it seldom constitutes more than 1 per cent, of the ashes of 
plants. Many of the most distinguished agricultural chemists 
assert that chlorine is not one of the necessary ingredients of 
cultivated plants. 

Iodine is a block, solid non-metal, about five times as heavy 
as water; its odour somewhat resembles that of chlorine largely 
diluted. Its vapour possesses a splendid violet colour. In sea- 
side plants it is found in somewhat large proportions, and it 
is prepared from the ashes of sea- weeds. It rarely occurs in 
cultivated plants, and even in the case of marine vegetables wo 
believe that it is not indispensable. 

Fluorine (a non-metal, as yet not satisfactorily isolated) is 
believed by Salm-Horstmar to be indispensable to vegetable 
life. It is, however, certain that the quantity of this element 
hitherto found in plants has been quite iusignifleant. 

Bromine (a liquid resembling in its chemical relations chlorine 
raid iodine) has been detected in plants ; but there can be little 


doubt as to the accidental nature of its occurrenoe in the vege^ 
table kingdom. 

With the exception of sulphur, all the non-metals found in 
plants exist naturally in combination with other elements, and 
it is only by means of the chemist's art that these elements 
have been exhibited to us in their free or uncombined state. 

The average amount of carbon in dried plants is about 47 i>er 
cent.; of oxygen, 42 per cent.; of hydrogen, 6 per cent.; of 
nitrogen, 2t per cent. ; and of ashes, 24 per cent. 


TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

I.— INTBODUCTORY— ON THE ADVANTAGES OP TECHNIC Al> 
INSTRUCTION. 

BY SIR PHILIP MAGNUS. 

In the following series of papers it is proposed to treat of a Very 
wide and interesting subject. A few years ago only, there would 
have been very little to say on one division of the above head- 
ing, viz.. Technical Education at Home; but of late years con- 
siderable progress has been made in the establishment of 
technical schools in this country, and although the sketches vi 
foreign institutions which will appear in those papers will show 
how far ahead of us are the French, the Germails, and other 
nations in the provisions they have made for the technical 
instruction of all olassos of persons oooupied with industrial 
I work, still we have reason to bo satisfied with the progress 
in this direction that has recently boon made, and with the in- 
dications of further progress that is likely to be made before 
many years are passed. 

In considering so large a subject as “ Technical Education at 
Home and Abroad,” it is necessary to lay down some limits 
i within which the subjeot shall bo treated, and some easily 
! iiitelligible scheme of dealing with it. Unless this is done, the 
I reader will take away with him a confused idea of the object 
and purpose of the several institutions to be described ; of tho 
i methods of instruction adopted ; and of the relation of the 
I school to tho industry it is intended to benefit. I propose, 
therefore, to divide the subject into two parts, and to consider 
first of all some of the principal institutions in this country 
which provide technical instruction, and afterwards to describe 
some of the typical and more important schools and colleges 
abroad. And in doing this I do not propose to adopt a purely 
geographioal olassification, which would involve a oonsiderabJe 
amount of repetition, since different countries have very similar 
establishments; but rather to group together schools of tho 
same kind, wherever they may be found, or to indicate, as 
far as tho resnlts of my observation enable mo, their several 
advantages and disadvantages. Greater interest, too, I am 
inclined to think, will be attached to these notices by describing 
visits actually paid bo some of these establishments, and by 
giving the views of some of tho professors and teachers, as 
ascertained in conversation with them, than by any account., 
however full of particulars and details, of the courses of 
instruction as derived from the published programme of the 
school. These particulars, however, will also find a place in 
the following papers. 

Now, although much has boon written on the question of 
technical education, and although foreign institutions have 
been carefully studied, and speeches and lectures without 
number have been delivered on tho subject, considerable mis- 
apprehension still exists in the pnblio mind as to what is 
meant by technical education, and as to tho relation it bears 
to apprenticeship or trade instruction. An Englishman going 
into many Continental technical schools would exclaim, “ But 
this is not technical instruction ; it is only ordinary science- 
teaching, such as a boy might get in any modern school! ” Again, 
there are other schools that he might enter, in which ho 
would find boys chipping and filing for several hours in tho 
day, busy at the anvil or at tho forge, or tending an engine, 
and he might bo disposed to remark, “ Could not those boys 
equally well, or better, learn their trade in a trade shop, and 
why is it bettor to bo apprentioed to a school-teacher than to 
an ordinary master ? ” 
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In this country wo ore continually met by a number of unsolved i 
problems connected with technical education, to which it may 
bo well incidentally to make reference in these papers, showingr 
that people are not yet agreed as to what is really meant | 
by teohiiical education, nor how it can be best provided. 
Oradually, however, certain principles are being evolved, 
which probably, as time goes on, will bo accepted as educa- 
tional axioms. Thus, it is now almost generally acknowledged 
that in any industry in which goods are manufactured on 
a large scale, and in which machinery is consequently em- 
ployed, a man cannot become an efficient workman by any 
amount of technical instruction which does not include actual 
practice in the shops, whore work has to be done against time, 
and whore the division of labour is extensively carried out, and 
every contrivance is iiitrodnoed for substituting machines for , 
hand labour. 

Again, it may be affirmed that all technical instruction pre- 
supposes a good primary education, and that its chief elements 
are skill in drawing and a knowledge of the first principles of 
physical science. Hero, then, we seem to stand on solid 
ground ; and the value of many an effort to promote technical 
iustmotion may , be tested by its agreement or disagreement 
with these general principles. For instanoe, the poorer 
artisans of this country are generally too anxious to anticipate 
the earnings of their children, and remove them from school at 
too early an age, in order that their small wages may supple- 
ment the family income, forgetting the principle that a good 
elementary education is the basis of all technical instruction, 
and that the progress and advancement of these children will 
bo checked and their permanent wage-earning capacity lessened 
by this short-sighted policy. Equally necessary, is it to keep 
this principle in view in considering the attempts that are 
sometimes made to teaoh the mere applications of science to 
special industries, without previous instruction in the elements 
of science, whioh must ho known before the applications can 
bo understood. And so, too, as regards Art — ^there are those 
who think they can be taught to design for a trade before they 
have learnt to draw, to say nothing of the numbers of persona 
actually engaged as wood-engravers and wood-oarvora, and 
doing their work, badly enough, through want of adequate 
previous study of drawing and modelling. 

The Education Act of 1870, with its subsequent improve- 
ments, in giving to the poorest classes a sound elementary 
education, has done much towards rendering technical instruc- 
tion possible ; and it is perhaps a significant fact that in the 
year 1880, ten years after the passing of this Act, when some of 
the children educated in the new Board schools had grown up 
and were beginning to realise the want of further instruction, 
especially directed towards the explanation of the problems 
connected with their ordinary work, the City and Guilds of 
Loudon Institute for the Advancement of Teohnioal Education 
was incorporated. 

To the possible improvements that may be introduced into 
the Elementary Education Act, with the view of making the 
instruotion bear more directly upon the future careers of the 
children, it is not necessary here to refer. Later on, the 
opportunity will bo afforded, in considering primary education 
in other oountries, to discuss the advisability of introducing 
other subjects into the curriculum of the primary schools, and 
of showing how room may be made for these additions. Here, 
it is only xiecossary to remark, that the general intelligence of a 
workman depends very much upon the elementary education 
he has reoeivod; that one of the great differences between 
the system of primary instruction here and abroad, is that 
in Germany and Switzerland children are compelled to remain 
at school till they are at least fourteen, whereas, in this 
country, they cati leave at a much younger age ; and that in 
many parts of Germany, children leaving at fourteen are 
obliged to attend night schools {Fnrthildung Brliulen) for at 
least two years, to carry on and improve their early education. 

So intimately does the problem of technical education 
depend upon the general ednoation of the people, that the one 
question cannot bo considered apart from the other. And for 
this reason, we were in no position twenty years ago to 
establish technical schools and colleges as is now being done, 
not only in London, but also, and to a great extent, in the 
provincial towns. Now, fortunately, owing to the excellent 
provisions of the Act of 1870, our young artisans are able 


to take advantage of practical soientifio inatrnotion, whioh they 
could not have done some time ago; and, oonsequently, the 
demand that is being everywhere raised for technical education 
is fall of meaning, and must needs be satisfied. Useful, and, 
indeed, indispensable as is the practical training whioh a lad 
obtains in the mechanic's shop, in the builder's yard, in the 
weaver’s shed, and in the manufacturer's works, he feels that iu 
all these cases he is left much to himself, and that ho needs the 
help of some one to explain the meaning of the process he foils 
to understand. Among the eager faces and busy hands ho sees 
around him, each bent on doing as quickly as possible, without 
loss of a moment's time, whioh, under the system of piece-work, 
means money, the task assigned to him, ho can find none to 
guide him in his difficulties and perplexities, and he is com- 
pelled to pick up as best he can, by imitation and by catching 
here and there a word of explanation from his seniors, a know- 
ledge of his ti-ade. 

But let uB pauBO for a moment to inquire why this addi- 
tional and special training is needed, and why teohnioal classes 
and technical schools have been established of late years 
throughout Europe and America, which did not exist, and 
were probably not required, fifty years ago. 

Not now for the first time are roads made, palaoes erected, 
beautiful garments woven, stuff dyed, pottery and painted glass 
manufactured. Why is it that all these things were done in 
former times when people were more ignorant than they are 
now, without technical schools or societies for the advancement 
of technical education ? The answer is, tliat the conditions of 
production have of late years been changed ; that articles whi(ffi 
in former times were produced singly ore now produced iu 
large numbers ; that the demand for what would formerly have 
been regarded as articles of luxury has greatly increased ; and 
that this change in the conditions of production has radically 
altered the character of the training which producers of every 
kind require to receive. There can be no doubt that to the 
invention of the steam ongino is duo this groat revolution that 
has been made in the processes of production, and to the same 
cause is due the change that is needed in the education of 
those wlio are engaged in productive industry. The break-down 
of the old apprenticeship system is the result of the substitution 
of machinery for hand labour, and as evory one knows, the 
use of maohiTiery on a large scale is duo to the steam engine. 
Technical training really means art training, and in former 
days nearly every artisan was an artist, and the art he learnt 
was the trade ho practised. 'I’ho master was the technical 
teacher who taught his apprentices tlieir trade. From him 
they received real and valuable instruction. To learn to saw, 
or to plane, to file or to turn, to spin or to weave, to dye or 
to print, is to learn an art ; and the relations between the 
apprentices and master wore those of the pupil to his teacher. 
Where the trade to be learnt was one involving fine art, the 
master taught his pupil to draw and to paint, to model in clay 
or wax, and the pupil seeing his teacher work, caught his 
inspiration and imitated him, and sometimes improved upon 
him. Objects wore not then produced by thousands all of the 
same pattern, but each production was the result of individual 
thought and labour, and bore the impress of the mind and 
hand that conceived and fashioned it. In the region of fine art 
choice works are happily still produced by the same processes 
as in olden times, and the master artist trains np around him 
his disciples. But in ordinary trades the relations between 
the master and his apprentioe are altogether changed. The 
i master is now grown into the capitalist, and the apprentioe is an 
uninstructed lad whose position is often nothing more than that 
of an ordinary servant. The steam engine has effected a com- 
plete revolution in the conditions of production. Instead of one 
or two persons being engaged in making the whole of any one 
thing, hundreds of hands are often employed in its production, 
each oocnpiod with some minute portion of it, and knowing 
nothing of the mode of produoing other parts ; and thouBands 
of articles are fabricated whore one was formerly produced. 
Large factories have taken the place of the artisan's workshop ; 
and whilst manipnlativo skill and precision count for mnoh, 
these qualities may generally be acquired by constant prootioe, 
and are of less value than the intelligence and soientifio know- 
ledge which can invent a labour-saving machine, or devise the 
means of quickening the speed at which a piebe of mabhinery 
can be made to run* 
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VEGETABLE COMMERCIAL PRODUCTS.—!. 

INTBODUCTION. 

A PLANT is only eartli and air, transmuted into those wutrient 
principles which form the food of animals. Plants form the 
basis of organised life. In the great laboratory of Nature they 
are employed in supplying the atmosphere with oxygen, and in 
removing its carbonic acid. No true naturalist will speak of 
any portion of the vegetable world as useless weeds. 

But there are some plants which are especially useful to man, 
as sources of food, clothing, and medicine ; and others are very 
valuable, as furnishing building materials, barks, gums, resins, 
balsams, dyes, oils, and perfumes. Those plants are found in 
different countries and climates, to which, by a wise arrange- 
ment of Providence, they have been restricted. It is natural 
and useful to inquire, “ From what countries are they brought ? 
What quantity of them is annually imported ? What are the 
economic uses made of their 


wheat is cultivated only in mountainous districts, where the 
land is sufficiently elevated to bo of the proper temperature. It 
is estimated that in Great Britain 2,300,000 acres are annually 
covered with this grain. 

Wheat is imported into the United Kingdom chiefly from* 
Europe and America. We get red and white wheat from 
Prussia and Austria, Spanish wheat from Bilbao, and Saxanka 
wheat from St. Petersburg. We also import largely from tho 
United States, Turkey, and Egypt. Tho finest kind of European 
wheat is from Dantzic, the grain being large, white, and very 
thin-skinned. Nearly fifty million cwt. of wheat are imported 
annually, the largest amounts being received from the southern 
parts of Russia, Prussia, and the United States. 

Wheat was formerly sown broadcast — that is, thrown from 
the hand of the sower over soil previously prepared by tho 
plough. This is the most ancient mode. In modern times tho 
plan of drilling or dibbling has boon adopted — that is, depositing 

the seed in holes, formed in 


products ?’* Obviously, tho . 

pursuit of such inquiries V \ 

must open a wide and ^ \ ^1 

struotivo field of research. ^ ^ m I 

Numerous as aro tho vego- 
table products, hitherto dia- SWto lj|\ 
covered, capable of utilisa- lu Wl 

tion, they aro fow when com- ffil fflW HN 

pared with tho inexhaustible 

wealth of Nature. Not a \Sjul toD V 

year but adds in this respect V 

something to our knowledge. V 

When public attention shall Imi 

bo fully directed to this sub- [I W 

ject, an immense harvest will j|ii 

be reaped. Our limits will wB Wf 

only admit of tho discussion W 

of the most valuable of W 

them. They may be sub- m 

divided into two groups — 1. l|\\ 

Food Plants ; 2. Industrial 1|\A \1 i 

and Medicinal Plants. 1 vi| \1 / 

FOOD PLANTS. iW |l [1 

I. FARINACEOUS PLANTS. I « I I I 

The grasses (natural order, I « 'I \ 

Chraminacece) oonstitute ono I « 1 1 \ 

of tho largest and most 11 n \ 

widely distributed of tho 1 1 // > 

natural orders of plants 1 m If/ 

appearing in temx)orato cli- ■ I |[ I !/ 

mates in numbers so vast 1 I 1 / 

that they form tho principal IlH iK H / 

mass of the verdure which 1 1 R iW u 

covers the landscape. The I , R ■ j I 

grasses of troincal climates i 1 R||j 9 

are generally much loftier , ^ ^ 

than those of the temperate sativa). 2. haize (zea mats). 

zones, less gregarious, and 

more tufted. We give the first consideration to the Cerealia, 
or corn plants, the ooryopsis or grain of which contains 
an abundant farinaceous albumen, capable of groat im- 
provement in quantity and quality^ Tho Cerealia have been 
cultivated from tho remotest antiquity, and wore thought by 
the ancients to be the gift of the goddess Cores. Their native 
country is unknown, and they have been so changed by cultiva- 
tion, that we are ignorant, except in one or two plants, of tho 
wild stock from which they are lineally descended. The Cerealia 
of temperate climates include the European cultivated grasses, 
wheat, oats, barley, and rye; maize and rice are the chief 
cereals of the tropics. 

(a.) The Cerealia of Temperate Climates, 

Wheat (Triticum vulgare, Linnajus). — ^Whoat is the chief grain 
of temperate and sub-temperate climates. Its geographical 
range extends from 30® to 60° N. lat., and 30° to 40° S. lat., 
in the Eastern continent and Australia. Along the Atlantic 
portions of the Western continent the wheat region embraces 
the tract lying between 30° and 50® N» lat. In the tropics, 

*2 — N.E. 
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straight furrows at regular 
intervals. 

When wheat is crushed be- 
tween tho stones of the mill, 
it is separated into two 
Xiarts, tho bran and tho flour. 
The bran is the outside 
harder part or coating of tho 
grain, which,/ intermingled 
with the flour, darkens its 
colour, and is generally sifted 
or bolted out to a greater or 
loss extent. Bran is used 
for fattening the stock on 
the farm, and is of some 
commercial value in tanning, 
calico printing, for filling 
dolls, cushions, etc. The 
finest kind of bran is called 
middlings. Pollard is a 
coarse x>r^^duct of wheat 
from the mill, but finer than 
bran. 

The whole meal, or the 
mixture of flour and bran 
obtained by simply grinding 
tho grain, is as nutritious 
as the grain itself ; and aa 
bran is an alimentary sub- 
stance, and equal to ono- 
fourth tho weight of the 

r whole grain, by its separa- 

tion much waste of whole- 
some food is caused. Tho 
great importance attached 
to broad perfectly white is 
a prejudice. Brown broad, 

2. MAIZE (ZEA MATS). 

should bo adopted not 
merely on a principle of 
economy, but as containing the most nutriment. 

Flour is largely imported from California and other parts ol 
tho United States, and the supply from all sources increases to a 
considerable extent every year. 

Oats {Avena sativa^ L.). — The oat is the hardiest of aU the 
cereal plants, and one of the most elegant of grasses. It can bo 
cultivated in countries whore wheat and barley will not grow. 
Its adaptability to climate is so great that it is cultivated in 
Bengal os low as 25° N. lat., but it refuses to yield profitable 
crops as we approach tho equator. The oat is cultivated in 
England, principally in the north and north-eastern counties, 
and in most parts of Wales and Scotland. It grows luxuriantly 
ill Australia, in Northern and Central Asia, in South America, 
and over the whole of the oultivatod districts of North America, 
The meal of this grain is remarkable f cr its riohness in gluten, 
and for containing more fatty matter than any other of the 
ooreals. To these two circumstances it owes its nutritious 
and wholesome character. It is therefore very suitable, and 
mnoh in use, as an article of diet for invalids. The variety 
called the potato-oat is a great favourite in Scotland, and is 
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tilmost tho only kind now cultivated there. Oatmeal forms a 
very oonsiderablc portion of the daily food of the Scotch, and 
oat-cakes are much oaten in tho northern counties of England. 

Wo export no oats, as our domestic consumption is e<iual to 
Ihe amount grown. The orop of this grain annually raised in 
the United Kingdom is considerably larger than that of wheat. 

The use of the oat is very anciont. It is not mentioned in 
tho Bible, but it is alluded to by the Greek and Boman writers, 
Bioscorides and Pliny. Caligula is said to have fed his horses 
with gilded oats ; but this report was probably an allusion to 
the colour of the grain. Nearly fourteen million owt. of oats 
are imported into the United Kingdom yearly, the greatest 
quantities coming from Kussia and America. 

Barley {Hordenm distichon^ L.). — This grain is one of the 
staple crop 3 of Northern Europe and Asia, growing as far 
north of the equator as 70®, and as far south of it as 42®, in 
favourable seasons and situations. In the New World its 
growth is chiefly confined t^i Mexico, tho middle, wo.stern, and 
northern States, and Canada. In Asia, it is cultivated in the 
Himalayas and Thibet, replacing whcjat in many districts, and 
producing admirable flour. 

Barley is chiefly used for malting and distilling purposes, in 
making beer and spirits. When tho outer coat of this grain 
is removed, it is called pearl barley, and in this form it is 
valuable for thickening broths and soups. Barley-water is a 
mucilaginous drink for invalids, made by boiling pearl barley. 

About 10,000,000 quarters of barley are grown annually in 
the United Kingdom, and our yearly imports amount to nearly 
fonrteen millions of hundredweights. 

The greatest quantities are received from Denmark, Prussia, 
Prance, and Turkey proper. 

Barley is a very ancient article of human food. It is men- 
tioned in the Bible in the book of Lxotlus. It has been culti- 
vated in Egypt and Syria for more than 3,000 years, Pliny 
calls barley the most ancient food of man. It requires very 
little dressing when sent to tho mill, having no husk, and con- 
sequently no bran. 

Eye {SccaJe cereaXe^ L,).— Tliis is a highly nutritious grain, 
but not much raised in this country, except as green fodder for 
cattle. In Bohemia and most parts of Germany, however, rye 
forms tho principal crop. It is also much cultivated in the 
north of Europe, and in Flanders, where, mixed with wheat, 
and sometimes with barley, it forms a leading article of sub- 
sistence. Tho peasantry of Sweden live very generally on rye- 
cakes, baking them only twice a year ; they are, therefore, the 
greater part of the time as liard os a board. Geographically, 
the diffusion of rye and barley is pretty much the same, as 
these plants generally grow in similar soils and situations. 

Rye-straw is useless us fodder for cattle, but forms excellent 
thatching material, and a superior article for stuffing horse- 
collars, so that saddlers will usually pay a good price for it. 
The annual imports are considerable. 

Kyo is rau(;h infested by a very poisonous fungus. When 
attacked in this manner, it is called in England “ horned rye," 
and in France ergot^ from a fancied resemblance to a cock’s 
spur. The poisonous influence of tliis fungus extends not only 
to human beings, but insects settling on it are killed, and swine, 
poultry, and other animals, die miserably in strong convulsions, 
and with mortifying ulcers. Ergot of rye is, however, in the 
hands of a skilful physician, useful as a reme^al agent. 

The principal granaries of Europe are Hungary, Russia, 
Moldavia, and Widlachia; and the chief ports for the exporta- 
tion of grain, Archangel, St. Petersburg, Riga, Konigsberg, 
Dantzic, Stettin, Rostock, Kiel, and Hamburg, in the north, and 
Taganrog, Kertch, Odessa, and Trieste, in the south. Large 
flour mills have been erected at Mayence on the Rhine, which 
is now a very important place for this branch of commerce, 
and at other suitable spots. 

(6.) The Cerealia of Warm Climates, 

Rice (Onjza soiivn^ L.). — This useful grass is a native of 
the East Indies, whence it has spread to all the warm parts of 
Asia, Africa, and America. It is a marsh plant, and grows very 
much like the oat, tho grain hanging gracefully from the very 
thin, hair-liko pedicles, forming a loose panicle. Bice is culti- 
vated throughout the torrid zone, wherever there is a plentiful 
supply of water. Under favourable circumstances it matures on 
the Eastern continent as high as 45® N. latitude, and as low as 
88® S. latitude. Its cultivation is principally confined to India, 


China, Japan, Ceylon, Italy, Madagascar, South Carolina, and 
Central America. 

Tho rice from the Southern States of America is decidedly the 
boat, being much sweeter, larger, and better coloured than that 
from Asia, where its cultivation is not so well managed. It ia 
necessary to except Bengal rice, which now nearly equals that 
growing in the Caroliiias. South Carolina produces the best 
American rice, and Patna the best East Indian variety. Excel- 
lent rice is also grown in tho Spanish provinces of Andalusia, 
Valencia, and CatiUonia, os well as in the marshes of Upper 
Italy, especially Lombardy and Venice, and in the plains of 
Milan, Mantua, Verona, Parma, and Modena, along the river Po. 

The importations of rice amount annnally to some eight 
millions of hundredweights. Most of our rice cornea from the 
British and Dutch East Indies, tho Carolinas, Brazil, and Egypt. 

Tlio Carolinas and Louisiana now produce annnally over one 
million owt. of rice, of which a large proportion is exported vid 
Charleston and Now Orleans ; the Brazilian rice comes into- 
commerce from Rio Janeiro, and the Egyptian from the Delta, 
of the Nile, vid Damietta and Rosetta. 

Immense quantities of rice are consumed in England in the 
form of puddings and confectionery. Tho straw is plaited for 
bonnets. Rice-paper is not manufactured from this grain, but 
is tho pith of a shrub called by the Cliinose “ taccoda,” and by- 
botanists AraVia imiygrifera^ L. Tho pith, carefully removed 
from the stem of this plant, is first out spirally with a sharp 
knife, then nnrollcd, sproofl out, and pressed flat, lliis paper 
is much used by the Chinese for water-colour paintings of 
insects and flowers. 

Rico, although regarded by us moro as a cheap luxury than a 
necessary article of food, forms tho chief subsistenco of tho 
Hindoos, Chinese, Japanese, and other Eastern nations. Tho 
Burmese and Siamese arc ilie greatest consumers of this grain. 
A Malay labourer requires 50 pounds monthly; but a Burmese 
or Siamese 64 pounds. The i)oople of South Carolina do not 
consume much rice themselves ; they raise it principally to 
Bupi^ly tho foreign demand, tho swamiis ot that State — both 
those which are occasioned by tho periodical visits of tho tules, 
and those which arc caused by tho inland flooding of the rivers — 
being well suited to its production. Tho mountoin-ricos of India 
are grown without irrigation, at elevations of 3,000 to 0,000 feet 
above tho level of tho sea ; the dampness of the summer months 
compensating for tho want of artificial moisture. 

Rico which comes to us in tho husk is called by its Indian 
name “ paddy.** Before it can be used for food this husk must 
bo removed ; this is done in India amongst tho poorer people by 
rubbing tho grain botwoon flat stones, and winnowing or blow- 
ing tho husks away. Paddy is now imported into tho United 
Kingdom in larger quantities than it used to be, though pre- 
ference is still given to rice in its shelled state. In 186J^ 
45,404 qrs. of rice in husk were imported to 4,735,997 owt. of 
shelled rice ; while in 187G tho relative proportions were only 
320 qrs. of the former to 6,469,181 cwt. of the latter. In 188(f 
the total amount of rice imported was 6,557,213 cwt., valued at 
je2, 451,572. 

The cultivation of rice undoubtedly dates from tho oldest 
period of which we have any historical record. “ Cast thy bread 
upon tho waters, for thou shalt find it after many days” (Ecolea. 
xi. 1), evidently applies to rice, which in Egypt is always sown 
whilst the waters of the Nile still cover the land, the retreating 
floods leaving a rich deposit of thick alluvial silt, in which 
tho rice vegetates luxuriantly. A spirituous liquor (arrack) is 
distilled from rioo. 

Maize, or Indian Corn (Zca Mays, L.).-— This plant has a 
strong roedy-jointed stem, as thick as a broom-handle, with 
large alternate loaves springing from each joint. In favourable 
situations this stem attains a height of from seven to ten feet ; 
it terminates in a large compound panicle of male flowers 
called the tassel. The female flowers are situated below the 
male, and spring from the sides of the stem. They consist of 
ten or more rows of grains or oaryopses, situated on the surface 
of a thick cylindrical pithy axis or stem called the cob, from 
eight to ten inches in length. From each of those grains pro- 
ceeds a long hairy filament, the whole cob being enveloped by 
several layers of thin leaves, forming tho husk or wrapper. The 
filaments of the individual grains hong together in a thick cluster 
out of the husk, and are called the silk. The filaments receive 
ihe pollen or fertilising matter from the anthers of the tassel; 
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a fact easily proved by cutting off the tassel, when the cars 
prove abortive. After fertilisation, both tassel and silk dry up. 
This plant, when grown up to some height, usually sends out 
several suckers from the lower joints of its stem, which help to 
maintain its upright position, acting as props or buttresses. 

Maize may bo raised on the American continent as far to the 
north and south of the equator as the 40th parallels of latitude, 
whilst in Europe its geographical range on either side of the 
equator extends oven to 50*^ and 52*^. 

Naturalists are at no loss to determine the native country of 
maize, which is undoubtedly America, as the Indians through- 
out the continent were engaged in its cultivation when the 
Now World was first discovered. It now forms the staple grain 
crop of the United States and Mexico. Since the discovery of j 
America, maize has been introduced into the Old World, and is 
now grown abundantly in Hungary, Transylvania, Moldavia, 
and Wallachia. From those countries large quantities are 
annually sent down the Danube, viil the Wallaohian port and 
fortress of Qalatz, into the Mediterranean as far ns Malta and 
Trieste. Maize is also largely grown in the countries around 
the Mediterranean, and in Southern Germany. It is raised in 
India, the East Indies, and in Australia ; in a word, in all those 
regions of the tropical and temperate zones where the white 
man has established himself. 

Like the other cereals, maize may bo rcdtieecl to meal, the 
coat of the grain or bran remaining mixed with the fiour. 
Owing to* its dofieioney in gluten it is not much used for making 
bread. In the United Stales, however, it is made into cakes, 
and oaten under the name of “ corn bread.” In this country it is 
not regarded with much favour as human foo^, although it is 
both sweet and nutritious. Wo import it largely from America, 
principally for feeding and fattening cattle. In the x>roparation 
called homivy, the grain is first soaked, and then exx>osod to a 
dry heat, which causes the bran or outer coat of the grain to 
crack and peel off, when it is easily separated. Vop-corn is 
another American preparation of maize made by slightly baking I 
the unripe grains. The com cobs form a very cheap a: id useful 
fuel. 

Guinea Corn, Durra, or 'Furkisii Millet {Sorghum 
vitlgarc^ Pers.). — “ A roundish grain, in shape not unlike maize, 
but not of greater bulk than a small grain of wheat ; its colour 
is a yellowish-white. It is borne in loose tufts or panicles ; the 
stalks are about oightooii inches to two feet in height, and when 
dry are very rigid ; in this state they are much used in the 
manufacture of carpet- brooms and whisks. The grain itself is 
chiefly used in this country for feeding poultry ; it is, however, 
strongly suspected that whoateii flour is not unfrequcntly 
adulterated with it, but this can only occasionally take place, as 
the importation of durra is very irregular. It is much used as 
food for the black population in the West Indies, whence it has 
been called negro corn ; they make of it cakes about an inch 
thick, which are white, and tolerably palatable. It is also used 
by the poorer peasants of Italy. We receive it chiefly from 
Northern Africa ; it is, however, cultivated largely in the United 
States, West and East Indies, and in Southern Europe. India 
is its native country.” (Archer's “ Economic Botany,” p. 8.) 


AGRICULTURAL DRAINAGE AND 
IRRIGAT10N.---^I. 

By J. Wbightson, Professor of Agriculture, Boyol School of Mines. 

INTRODUCTION — DEFINITIONS OF DRAINAGE AND IRRIGATION 
i — EARLY HISTORY OF THE SCIENCE. 

Agricultural drainage may be defined as the art of freeing 
land from superfluous water. In its more restricted sens© it 
has reference to the improvement of land already under cultiva- 
tion J in a more extended signification it includes the reclama- 
tion of land from the sea and the drainage of lakes and marshes. 
Viewed in connection with the natural drainage of the country 
by means of rivers, artificial drainage becomes of high import- 
ance as the art of improving natural outfalls ; and when used 
for this purpose the term triinh drainage is applied, in contra- 
distinction to underground drainage, by which is meant the 
more localised use of the art in draining wet soils. Although 
to the landowner or occupier the drainage of land surcharged . 


with water by means of pipes may appear the more importan^^ 
yet the first plaoe must be given to trunk drainage, since with- 
out a perfect river economy much of what is now available land 
would be a mere swamp. Rivers may, indeed, from the drainer's 
point of view, be looked upon as gigantic “ main drains,” into 
which smaller streams, brooks, brooklets, and ditches, empty 
themselves. The series thus sketched out is rendered complete 
by the underground pipe drains laid in every furrow. The whole- 
system may, indeed, be comi^ared to a tree, the smallest twigs 
of which are represented by the furrow drains : just as the- 
sprigs gradually unite into larger twigs, branches, and boughs 
in passing to the trunk, so in the case of land drainage do wo 
find drains discharging into water-courses, these again into 
brooks and streams, which finally add to tlie bulk of some im- 
portant river. Looking at drainage from this extended view, it- 
at once assumes a national importance. Not only is it a means 
of enriching landlords and farmers, or giving an increased 
supply of food to the population, but it vitally affects the wholo 
question of the water supply of the country. There is also ihot 
sanitary aspect of the drainage question, which adds to its inte- 
rest and importance. Of late years much attention has been, 
given to urban drainage, and through the value of sewage as ai. 
manure there is a close connection between this section of tho 
subject and agriculture, insomuch that the sewage question is 
keenly watched and discussed by agriculturists. The climato 
of largo districts of the country is altered and improved by the 
drainer’s art, and instances are not wanting of Certain diseases 
having di.sappeared from localities where drainage works have 
been extensively carried out. Hence, from an agricultural, 
national, and sanitary point of view, drainage is a subject of 
vast importance, and well deserves our close consideration. 

Irrigation maybe spoken of as tlio art of carrying water on to 
land in order to increase its fertility. This art has been prao* 
tised from the earliest historical times in all civilised countries. 
Water-meadows have been established in this country for hun- 
dreds of years, but of late public attention has boon aroused to 
the importance of still further extending the area of land thus 
treated. Although drainage and irrigation appear at first sight 
to aim at two opposite objects — the first to take water from the 
land, and the second to cause water to flow into it— yet they 
must not bo looked upon as antagonistic. It may, indeed, bo 
readily shown that, while draining frees land from superfluous 
moisture, it is the means of causing a larger body of water than 
formerly to pass through any given section of the soil. The 
same rainfall descends upon the drained as upon the undraiiied 
field, but owing to the arrangement of underground channels 
there is in the former case no puddling of the surface, no 
trickling over the land into contiguous ditches, evaporation is 
checked, and the land is dry because the water has quickly 
jmssed through it. Drainage, therefore, is a moans for altering 
the condition of water in the soil, ratber than of depriving the 
soil of so valuable an clement of feriility. By it a stagnant 
condition is changed into a state of movement, and the full 
advantages of the rain are realised. Without it the land is- 
waterlogged, and showers whioli ought to find their way down 
to the roots of plants soak the surface and feed the neighbour- 
ing gutters. liio benefit of irrigation may likowi.so bo traced, 
to the constant change of the water as it iias.se.s over the sur- 
face of the meadow, giving up its riches to the herbage over 
which it flows. Thus drainage and irrigation may be shown to- 
have much in common, and the idea of their being opposed to 
each other may bo dispelled. Nay, further, as a preparatory 
stop in the formation of water-meadows, it is often considered 
advisable to under-drain the field, thus showing that the two 
operations, so far from neutralising, may assist each other in 
improving the same land. 

In considering such a subject as agricultural drainage and 
irrigation, wo shall postpone tho treatment of the latter for tho 
present. Drainage may best be viewed, first, from a theoiotical, 
and, secondly, from a practical point of view. After a few 
remarks on the history of the art, we shall proceed to tho study 
of tho theory of drainage, which comprises the reasens of ita 
efficacy, and the study of the action of drains in soils of voryingr 
character. To thoroughly understand this part of our subject^ 
considerable knowledge of Physics, Chemistry, and Geology ia 
needed, all those sciences bearing directly upon it. 

Tho practice of drainage will include a description of the^ 
various systems in vogue, a consideration of the materials fitted 
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for Tindergroond ohonnels, iho mode of carrying on the work, 
the practical good effoots which may he expected to follow the 
operation, and the cost. 

In treating of the hietory of drainage wo shall be brief. 
Those who wish to study this subjeot fully will find abundant 
information, of a somewhat prosy character, in *^The History 
of Embanking and Draining divers Fens and Marshes, both in 
Foreign Parts and in this Kingdom,** by William Dugdale, 
Esq., Norroy King-at-Arms. In this work the earliest accounts 
of drainage, fram the draining, embankments, and outfalls 
used in the ecOhomy of Egyptian agrioulture down to the 
Christian ora, ore given; and the author cites the names of 
'Mysis, Sesostris, Sabacon, Darius, Amasis, Alexander, the 
Ptolemies, Cleopatra, Ccesor Augustus, etc., as among the 
patrons of this useful art. To us it is more interesting to 
loam that the Belgio drainage works were commenced about 
the year 863 a.d., by Baldwin I., son-in-law of the Emperor 
Charles the Bold, who undertook the work of reclamation in 
the neighbourhood of Bruges. We also find that a marsh 
common law existed as early as 796 a.d. in this oount^, in 
which powers for levying rates were conferred. In the reign of 
Henry 111. Henry de Batho framed ordinances which settled 
the laws, and customs of Bomney Marsh on the oocasion of a 
threatened irruption of the sea through the sea-wall. Such 
facts sufficiently demonstrate the antiquity of drainage and 
reclamation on a large scale. It is hardly necessary to trace 
the history of the gradual change of the fen lands of the 
caatom counties from the home of fish and wild fowl to their 
present high value as corn-growing districts. The work has been 
accomplished by tlie individual energy of private individuals, 
by Dutch settlers, and by the powerful house of Bedford. In 
tracing the history of drainage we find that, although the art 
was understood and practised oven in the most ancient times, 
the subject for improvement was always submerged or marshy 
land. If we seek for the origin of modem ideas ux>on drainage 
we shall find little mention made of the drainage of land already 
under cultivation, as a further improvement, until comparatively i 
reoent times. This is well exemplified by the following quota- 
tion from the late Thomas Gisborne’s excellent essay on 
drainage, which first appeared as a contribution to the Quar- 
terT/y B^ew^ and was afterwards revised and published with 
several other essays on agricultural subjects. After stating 
that the first phase of the controversy between agriculture and 
water might rather be described as the recovery of land than 
its improvement, ho says : “ Two other oases remain in which 
water appears as an opponent of agriculture. The first is that 
in which rain, falling on pervious lands, filters through thorn 
and reappears in the shape of springs on the surface of lower 
lands not equally pervious, much to their injury. The second 
is the case of lands which, from closeness of texture, are not 
able to pass down the rain which falls upon them. The combat 
with these two oases marks two distinct eras in the history and 
progress of drainage.** 

Wo must view the adoption of covered drains as on improve- 
ment upon the more ancient and simple open ditch. Both plans 
are, however, old, and both were used by the Komans, as appears 
from the writings of Cato, Varro, Columella, Pliny, and Palladius. 

The energy of the Bomans was, however, principally directed 
agomst soils wet from springs, or the filtration of water from a 
higher level, and they do not appear to have attempted the im- 
provement ai soils of a more tenacious character, wet from their 
own inherent imperviousness. 

In tracing the histoi^ of English drainage down to the present 
time, it is striking to note how completely the drainage of cul- 
tivated land is a modem notion. Fen lands and marshes wore 
early reclaimed, and from time to time a note of warning was 
soured, urging the importance of a more dose attention to this 
means of utilising waste lauds. Mr. Fitsherbert, who wrote 
on agrioultural topics in 1534, says, ** There is none other remedy 
for marrys ground but first to drain the water clean away,** and 
this has to be accomplished by means of open ditches, having 
an outfall into laiger or main ditches. “And,** says he, “if 
this manner of ditching will not make the marsh ^onnd. dry, 
then must you make a olough (drain or hollow ditch) underneath 
the earth ; and if that will not serve, then keep out your cattle 
for fear of drowning.** 

The earliest notice, says Mr. Gisborne, that we have of 
English drainiag is oontained in a broadside in Vol. lY. of the 


“ Collection of Proolamations, etc.,** onoe belonging to James H., 
and now in the library of the Society of Antiquaries, London. 
“Herein,** says the writer, who dates from Paine's End, No- 
vember 16, 1583, “is taught, even for the capacity of the 
meanest, how to drain moores and all oxher wet grounds or 
bogges, and lay them dry for ever.** It is also directed that 
the drains should be shallow, arranged in a herring-bone pattern, 
and filled with stones. 

Captain Walter Blythe published his “ Improver Improved” in 
1640, and Captain Andrew Yarranton wrote, in 1677, “ Eng- 
land’s Improvement by Sea and Land.” Both were authorities 
on draining, and the former has been frequently quoted to show 
how Utfcle the last two centuries have done to improve the 
drainer*.-* art. Blythe describes in somewhat quaint language 
the essentialB to sucoess in draining wet soils, when he says, 
“ And for thy drayning trench it must be made so doepe, it go 
to the bottome of the cold spewing moyst water that feeds the 
flag and rush .... and a yard or four feet if ever thou wilt 
drain to purpose.** It would occupy too much space to quote 
more from a work interesting not only from its merit as an 
agricultural treatise, bat also from its quaintness. In it we ara 
recommended to use fagots of “ willow, alder, elm, or thorns, 
and lay in the bottom of thy works, or take great pebble stones, 
or flint stones, and so fill up the bottom of thy trench about 
fifteen inches high, imd then, having covered it all over with 
earth, and made it even as thy other ground, wait,’* says the 
gallant old Cromwellian, “ and expect a wonderful! effect 
through the blessing of God.** 

In 1727, B. Bradley, Professor of Botany in the University of 
Cambridge, gives us, in his “ Complete Body of Husbandry,** 
some valuable information upon the then state of knowledge 
upon the question of land drainage. Good practical directions 
are given for open ditching and “ hollow ditching ** (covered 
drains) ; but his attention appears to have been directed to the 
drainage of land “ which lies wet and is a kind of lake, so that 
one cannot tread upon it but the water foeU like a quag under 
one’s feet.’’ Then follow directions, which resemble those 
given by Captain Blythe eighty years previously, but whose 
valuable work appears to have at that time sunk into obscurity. 
“ This improvement (drainage) is chiefly practised in Essex. I 
have seen ib at Navestook, on the forest, at an estate belonging 
! to Aaron Harrington, Esquire, and it is lately brought from 
that part of the county to the north of Essex, about Wicken- 
Bonant, and near Sir Kano James’s ; and I doubt not but will 
be generally used upon all the squally, wet grounds in England, 
when it comes to be known, for it is but a late invention.” This 
author also describes the use of windmills in raising water from 
a dead level, as commonly seen in Linoolnshire and the fen 
county ; the Persian wheel and the syphon, or, as it is termed, 
the “crane,” are also desoribed and figured as an appliance for 
lifting water over an embankment ; “ but,” adds the conscien- 
tious author, “I cannot take this thought to myself no more 
than I have done any others that have been communicated to 
me. I received it from Mr. Harding, a very ingenious founder 
and master of meohanioks, near Cupid’s Stair, over against 
Summerset House, London** (even professors at Cambridge 
were not particular in their spelling one hundred and sixty years 
since). The next groat luminary in the history of the art of 
agricultural drainage was Mr. Joseph Elking^on, of Prinoo- 
thorpe, Warwickshire, who commenced farming in 1730. The 
principles upon which EUdngton based his practice were not 
capable of extensive application, but under certain oonditions of 
soil and subsoil they have been oorriod out with excellent 
rosulta We shall again have occasion to refer to this period 
when speaking of the practice of drainage. From 1797, the 
year in which Elkington’s system was griven to the world by 
John Johnston, surveyor, in the form of a work, Ul^trated 
with numerous diagrams, down to 1823, little attention was 
bestowed on the subjeot of land drainage. It was at this time 
that the late Mr. Smith, of Deanstone, introduced the subject of 
“ thorough draming ** to the British public, and gave an impetus 
to the good work which has sent it rolling onwards ever since. 
Finally, the use of the oylindriad draming pipe, both by cheapen- 
ing the material of the underground channel, and reducing the 
trench to the narrowest possible width, brings us down to the 
prosent day, when drain^ is univers^y looked upon as the 
foundation upon which ail other agrioultural improvementa must 
be baaed. 
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FORTIFICATION.— I. 

BY AN OFFICBB OF THE EOTAL ENGINEERS. 
FBBLXXINART BBMABKS-— DEFINITION OP 80ALBS-— DEFINITION 
OF TBRVS D8BD IN OBOKKTRICAD DRAWINO — SLOPES : HOW 
EXPRESSED— DEFINITION OF THE TERM FORTIFICATION — 
CONDITIONS THAT, IF POSSIBLE, EVERY FORTIFICATION 
SHOULD FULFIL— ERRONEOUS IMPRESSIONS HELD WITH 
REGARD TO THE USES OF FORTIFICATION — SUBJECT 
DIVIDED INTO TWO BRANCHES— FIELD FORTIFICATION — 
PERMANENT FORTIFICATION — DEFINITION OP A PARAPET — 
MATERIALS OF WHICH PARAPETS ARE CONSTRUCTED. 

PrelinvincMry Bema/rks. — The soienoe of Fortification is one 
so intimately connected with other branches of military art, 
that it can hardly be rendered interesting or even intelligible 
to a student who has not previously acquired a certain amount 
of general military knowledge, sufficient to enable him to realise 
fully the main principles and conditions under which modem 
wai^are is carried on. 

Unless the reader clearly understands the differences existing 
between the uses and powers of the three great combatant 
branches of every army — viz., infantry, cavalry, and artillery — 
it would be useless to attempt to describe to him the defensiye 
arrangements best suited to either of these arms. A certain 
knowledge of military matters will, therefore, be assumed in 
these papers, but when technical expressions occur they will 
be explahied. 

Most of the operations of fortification are those of practical 
building or constmotion, and it is often neces 89 .ry to express, 
on the flat surface of the paper, solids of very varied forms ; 
consequently the methods of doing this by means of plans, 
sections, etc., must be learnt before any real progress can be 
made. 

These methods form the subject of a separate study, termed 
Geometrical Drawing, and wiU therefore only be so far explained 
as may be necessary to enable a reader to understand the 
diagrams attached to these papers. 

In order that the meaning of a drawing of this description 
may be clearly understood, it is necessary that it should convoy 
not only on idea of the shape and appearance, but also of the 
actual size of the object it represents. 

Dejmition of Scales. — It is evident that it will often be 
impossible to make drawings as large as the objects they re- 
present, and it becomes necessary, therefore, that in every im- 
portant drawing a certain fixed proportion should exist between 
it and the object represented. This proportion is termed the 
scale of that drawing, and is usually expressed by means of a 
fraction written on ^e drawing itself — ^thus, scale or scale 
55 j 5» would denote that the objects represent^ were 120 or 480 
limes as large as the respective drawings. 

The shapes of solids are usually denoted on paper by means 
of plans, profiles, and elevations. 

Dejimtion of Terms used m Geometrical Draioing, — The plan 
gives the length, breadth, and general direction of every part 
of a work, and is a representation on a horizontal plane of the 
various lines or edges formed by the intersecnion of the plane 
surfaces that bound the solid. 

The trace of a work is the plan of its guiding or magistral 
line. 

The section of a work is the outline of the surface that would 
be exposed by a plane cutting through the solid in any direction. 

The profile is a vertical section at right angles to the trace, 
and shows the true heights and breadths of the object. 

The elevation is the outlino of an object projected on a 
▼ertioal plane, and gives the heights and general appearance of 
the various parts. 

Slopes : how Expressed. — ^The degrees of inclination, or 
steepness of slopes, are expressed by fractions ; the slope being 
consid^d as the hypothenuse of a right-angled triangle, of which 
the height is represented by the numerator of the fraction, and 
the base by the denominator ; thus, a slope of 
^ means that the height » base. 

J „ „ height cr= ^ base. 

J „ ,» height « double the base, 

f „ „ height » f of the base. 

The foregoing elementary definitions being understood, we 
should next get a clear notion of the principles of the science 
before becoming involved in its details. 


In all ages we find that men, prompted by the instinot of 
B^-preservation, have availed themselves of artifioial aids in 
war, either simply as a means of protection from the missiles of 
an enemy, or to enable a weaker force to neutralise the ad- 
vantage that superior numbers or armaments would give to 
their opponents. 

Definition of the term ** Fortification.** — The various 
practical operations resorted to are essentially defensive izi Hieir 
mture, and the science which treats of the different ways of 
appl;^g them to strengthen positions held by troops is termed 
Fortification. 

These operations pzosent an almost infinite variety of detail, 
for thsy ^pend necessarily on the special objects for wMch 
they are intended, and the time and means available for their 
construction. 

A knowledge of details is undoubtedly essential in fortifica- 
tion, as in every other practical soienoe ; at the same time it 
will be more important for the student at first to realise the 
fact that he is not dealing with an abstruse or complicated 
subject, but merely applying practical common sense to the art 
of defensive warfare, his object being in all cases to make such 
arrangements as will oblige the enemy to fight under the most 
disadvantageous circumstanoes possible. 

Conditions that, if possible, every Fortification should fulfil . — 
To attain this object thoroughly, every work should fulfil the 
following conditions : — z 

1. To afford cover and protection from the enemy’s missiles. 

2. To enable the defenders to use their weapons with the 
greatest effect, and with the least exposure to themselves. 

3. To render the advance of the assailanta as difficult and 
slow as possible while within the effective range of the works. 

These principles are often very difficult to combine, and their 
application to positions whore the circumstances are unfavour- 
able will require the exercise of much thought and ingenuity. 

Fortification is necessarily a progressive science, ever chwg- 
ing in some important details as the development of the sister 
science of Artillery may require ; hence it is that we find such 
a variety in the forms and appearance of the defensive works 
constructed at different peri<^ and in different countries. A 
close study of them will show that, however unlike they may 
appear in some respects, the same principles may be clearly 
traced through all $ not less, perhaps, in the New Zealand “pah” 
than in the medieval castle or the modem fortress, if the 
weapons for which each were intended are borne in mind. 

There can be no doubt that, when properly applied and these 
conditions fulfilled, fortification must ever be of vast assistance 
to the defence ; it can, however, only give a passive assistance, 
and should not be confounded, as is so frequently the case, with 
the defence proper, or actual fighting power of &e defenders. 

Good defensive works undoubtedly enable a small force to> 
fight a much larger one on tolerably equal terms, and, more« 
over, a less amount of training and organisation is necessary to- 
enable troops to defend fortifications i^an would be required for 
manceavring in the field. 

It must, however, be remembered that fortifications without 
sufficient men and guns to defend them would offer no real 
obstacle to an enemy, and that unless the offensive powers of 
the defenders be considerable, they may, in spite of their de- 
fences, be defeated by a superior force. 

Erroneous Impressions Iveld with Regard to the Uses of 
Fortification. — ^Nothing is more common than to hear it argued 
that because a fortified position is carried by assault, there- 
fore the fortificationB were useless, ignoring the fact that if 
the defenders were unable to repel their assailants when assisted 
by artifioial aid, they would not have had a chance of victory in 
open fight, and that the loss they have inflicted, as compared 
with their own, is probably far greater than it otherwise would 
have been. 

Another favourite argument against the use of fortifications is 
that if they are well placed, and well oonstmeted, the enemy 
will probably not attack them at aU, but will endeavour to pass 
round, or turn them, as it is termed, and that, therefore, they 
are us^ess. 

Let us examine this for a moment. It is evident in an attack 
on any position or territory, there must be a certain definite 
object in view, and that, in order to obtain this object, there 
must be certain parts of that position or territory which will be 
most essential for the assailant to get possession of. Now, if 
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tkBBd vital points are bo Btrengthened by artificial means that, 
in spite of his superiority of force, the assailant prefers to adopt 
some other less advantageous scheme, to the certainty of heavy 
loss and possible defeat in attacking the works, it is clear that 
these fortifications will have materially assisted in protecting 
the position or territory, although they themselves were not 
aotnally attacked. 

But^ect divided into Two Branches. — For convenience in in- 
etmotion, the subject is usually divided into two branches, termed 
Field and Permanent fortification, although it is by no means de- 
sirable that they should be considered as separate studies, for 
preoiaely the same principles apply to both ; and in permanent 
fortification we merely see them combined in a complete form, 
wheroas this can only be imperfectly attained in field fortification. 

Field Fortification. — This has reference to temporary works 
constructed during a campaign, within a limited time, and with 
such unskilled labour and ordinary materials as can be obtained 
on the spot. 

The strength of this class of works varies considerably, from 
the carefully constructed redoubt, in which all ihe requisite 
cenditions are fulfilled, to the hasty shelter-trench, or the rough 
lines of felled timber that so often afforded bullet-proof pro- 
tection to the troops in the battles of the late American war. 

The weak point of all field works, as compared with per- 
manent fortifications, is that, from the fact of their being con- 
atruoted in a short time, the obstacle they oppose to the 
adyanoe of the enemy is very much less formidable. 

Pennoment Fortification. — Permanent fortifications, as the 
.name implies, ore constructed of durable materials, and during 
iismes of peace, when the choice of materials is unlimited, and 
when everything is done that skilled labour and elaborate design 
<oan accomplish, to render the defence as i>erfeot as possible. 

They ore intended to secure from immediate capture the 
arsenals, dockyards, and other points of vital importance in a 
country liable to attack. 

Permanent fortifications are necessarily very costly to oon- 
atruot, and unless destroyed by an enemy will endure for 
centuries, outliving the men who built them, and the artillery, 
and even the objects for which they were designed. Hence it 
is that we so frequently find examples of fortifications that are 
now obsolete, and wo are apt to consider that it was a great 
mistake ever to have built thorn, forgetting that they, perhaps, 
have been of the greatest national importance for many genera- 
tions, and would be so still, had the art of war remained 
stationary during that period. 

Definition of a Parapet. — To fulfil the conditions of inter- 
cepting the projectiles of an enemy, and of enabling the de- 
fenders to use ihoir amm with effect, a covering mass of some 
material is necessary, which must have sufficient strength to 
wesist the enemy’s shot, and over or through which the defenders 
may fire. This mass is called the parapet (derived from the 
lUUan words “pam petto,” guard the breast), and its dimen- 
sions as regards height are dependent to a great extent on the 
•ordinary stature of men, whilst its thickness must depend on the 
materials of which it is formed, and the nature of projectile it 
is intended to resist. 

This parapet is usually constructed of earth or sand, as being 
-the material most readily obtained, and most indestructible by 
an enemy. 

MateHals of which Parapets are Constructed. — In countries 
where timber abounds, and where the heavy fire of artillery has 
not to be provided against, parapets may be constructed of 
logs of wood placed touching one another, so as to give good 
bullet-proof cover. They have the disadvantage of being liable 
to be burnt, and if struck by shot the splinters of the wood are 
dangerous. They are called ** stockades.” 

In some oases where it is impossible to obtain sufficient earth, 
♦or where, from the small area available, it is necessary to 
economise space as much as possible, masonry, and even iron, 
may be used as materials for parapets. The time required to 
construct them, and their cost, prevent the employment of these 
latter materials for any but permanent works, liey are chiefly 
employed in harbour and coast defences, where it frequently 
^happens that the small islands or rooks that are most ad- 
wantagTOUsly situated for the defence of the coast, are too ftTna.ii 
to admit of a sufficient number of large guns being placed on 
rthem, if they are to be Burrounded by thick and massive earthen 
parapets. 
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INTBODUCTOEY. 

Thb aoienoe of Electrical Engineering is one which hasattBined 
ite present prominent position in what may be called a phe- 
nomenally short space of time. Its growth within the Victorian 
era has no parallel among the kindred soienoes. It would seem 
as if men daring that time were endeavouring to make amends 
for the lethargy into which their forefathers had apparently 
fallen for something like two thousand years ; for it is fully 
two thousand years since the two primary discoveries were 
made in electricity * and magnetism. The first was, that if a 
pieoe of amber was rubbed it acquired the property of attraot- 
ing light bodies ; the second was, that certain black stones, 
found at that time in Magnesia, in Asia Minor, possessed the 
property of attracting iron. These stones were called magnets, 
from the district in which they were first found. Hero were 
two facts thoroughly recognised some five hundred years B.c., 
and yet it was not tiU fifteen hundred years later that the dis- 
00 very was made that if the magnet was snspended by a thread 
it took up a position pointing north and south ; and that it 
took up this position at no matter what part of the earth the 
experiment was made. From this peculiarity it received the 
name of the lodestone. The importance of this disooveiyr on 
navigation need scarcely be pointed out. 

The next great discoveries were those made by Dr. Gilbert, f 
in England, published at the end of the sixteenth century. He 
showed that the property which was supposed to be peouliar 
to amber, when rubbed, was common to a large number of other 
bodies, notably to glass, moat of the precious gems, sulphur, 
rosin, etc. ; iu fact, to those bodies which are now known as 
non-conductors. But though the effects obtained from these 
bodies were perfectly distinct, still they were necessarily ex- 
tremely feeble. It now became important to exaggerate these 
effects, and this object was successfully accomplished by Otto 
Guericke, I who mounted a large sulphur ball on,a spindle, which 
was turned by one person while another held his hands on the 
revolving sulphur ball. The necessary friction was thus sup- 
plied for the production of electricity, and when the machine 
was worked in the dark a series of sparks was given off from 
it. This frictional machine was subsequently modified and 
considerably improved ; but the most that oo^d be got out 
of it was a series of sparks more or less bright, which oould be 
made to pass between two points or knobs, one of which 
was attached to the rubbing, and the other to the rubbed, 
surface. 

All that these machines were oapable of doing oould, how- 
ever, be done very much better by the olass which succeeded 
them, namely, the influence machine. The action of this 
machine depended on a principle entirely distinct from that of 
the frictional machine ; and in respect of the number, brightness, 
and length of the sparks whioh oould be obtained, the influence 
was in every way superior to the friotioiial maohine. 

These machines undoubtedly showed an advance in the 
soienoe of electricity, and it might oven be said that the spark 
obtained from them was the original form of the electric light ; 
but when looked at from a oommeroial standpoint, it must be 
confessed that the oleotrioal machine, as it then existed, was 
nothing better than an interesting soientifio plaything, highly 
dangerous to ordinary mortals, and not quite safe in the hands 
of those who best understood it. It supplied extremely feeble 
and intermittent eleotrio currents forming sparks, but the 
supplying of a oontinaons oorrent, no matter how weak, was a 
task utterly outside its scope ; and it was the solution of this 
problem — ^how to supply a continuous current — that has made 
the names of Galvani and Volta so familiar to every one who 
has taken any interest in electricity. 

While experimenting with recently-skinned frogs* legs, about 
the year 1785, Galvani discovered that if an iron wire whioh is 
touching the crural (leg) muscles is brought into contact with a 

* From the Greek, elektron, amber. 

t William Gilbert (b. 1540, d. 1603) was snrgeon to Qaeen Elisabeth. 
In his book ** De Magnete,*’ he was the first to use the word eleotrio ** 
in oonneotion with soienoe. 

X Otto Ton Guerioke of Magdeburg was bom in 1602 snd died in 1686. 
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ooppdr wire which is tonohinfi^ the lumbar (loins) nenrea, the 
frog’s leg gives a oonTalsiye movement^ and that it does this 
every time the wires are brought into oontaot. Galvan! kneif 
that this convulsive movement was due to electricity, but he 
failed to see from what source this electricity was derived. He 
attributed it to electricity inherent in the frog’s leg, and from 
this opinion he never wavered. Yolta, however, fully recognis* 
ing the importance of the discovery which Galvani had made, 
attributed the convulsive movement to its true cause, namely, 
electricity derived from chemical action ; and this point he 
completely proved in the year 1800, by constructing what is 
known as the Voltaic pile* This pile consists of a series of 
disos of sine and copper separated by wet cloth, and connected 
by two wires, one attached to each end of the series. When 
these wires are brought into oontaot a continuous current 
circulates through them, while a small spark is formed when 
the oontaot is broken ; the zinc is dissolved, and this slow 
combustion of the zinc furnishes the requisite energy for the 
supply of the electric current. A new form of electricity, in 
the shape of a continuous current, was now available, and a 
new method of generating it, namely, chemical action. The Voltaic 
pile is, in fact, a true primary baUery ; and though it possesses 
nearly all the faults which a primary battery can possess, still 
it none the less marks an epoch in the history of eleoMoity 
which cannot but be looked upon as the point from which the 
ecience began to make more rapid progress. 

It froA introduced into England in the name year, 1800, and 
so rapid was its development and improvement that four years 
later Humphry Davy was able to exhibit bpfore the ^yal 
Institution the true electric arc-light. After experimenting 
with numerous substances, he found that he got the brightest 
light when charcoal points were used. He took two charcoal 
rods, attached one to each end of the battery, and brought 
them into oontaot. A strong current now flowed through them, 
and on separating the points to the distance of about a quarter 
of an inch, an intensely bright light was formed between the 
points. This luminous space is known as the arc* This arc 
is composed of incandescent particles of carbon tom off from 
the points, and conducting the current across the gap. It is 
so hot that it can melt the diamond, while it vaporises gold and 
platinum. When the arc is formed in air the rods gradually 
wear away, the arc grows longer, until the distance between the 
points becomes too great, when the arc ceases. In our modem 
arc lamps a special mechanism is used to keep the distance 
between the points constant. 

The electric current heats to some extent everything through 
which it passes. If we take a thin carbon fllament, and pass a 
sufficiently strong current through it, it will flrst be raised to 
incandescence, and then oxidised and quickly burnt away. But 
if we enclose the filament in a vacuum, and perform the same 
experiment, the result will be different. The fllament will still 
be raised to incandescence : but, there being no oxygen present, 
it will not burn away ; in fact, it will last for some thousands 
of hours, giving a bright light daring the whole time that the cur- 
rent is being supplied to it. This latter type is known as the tn- 
ca/ndeecent lamp* It usually gives about sixteen- or twenty-candle 
power, while the arc light usually varies between five hundred 
and three thousand. We are thus able to obtain heat from the 
electric current, and, as might be supposed, the converse pro- 
position also holds good— that is, from heat properly applied to 
a suitahle OArremgement we can obtain electric currents* The 
discovery of this fact was made by Seebeck about the year 1822. 
He found that, if he heated the point of contact of two dis- 
similar metals, and brought their other ends into contact with 
an instrument capable of indicating the presence of a cur- 
rent, a current was actually generated in the circuit. This 
current lasted as long as the temperature of the heated junction 
was kept above that of the remainder of the circuit, and its 
strength depended upon the difference of temperature of the 
two portions ; its strength also depended upon the metals used. 
Bismuth and antimony form an admirable pair ; the direction of 
the^ current through the heated junction bring from bismuth to 
antimony. The necessary energy for the production of the 
current is supplied by the heat absorbed at the hot junction of 
the two metals, and the currents thus generated are known as 
thermo-electric currents* Much good work has been done by 
means of thermo-electricity, and even at the present day there 
are some telegraph Unes being worked by means of it ; but it 


cannot be said that the progress which has been made in it can 
in any way compare with that which has been effected in some of 
the other branches of the science. SuggestionB have often ap- 
peared for the utilising of the spare heat given off from our 
common fire-grates, bnt up to the present no practical means 
have been devised for doing this in a satisfactory manner. 

Very soon after the construction of the Voltaio pile it vras 
discovered by Carlisle and Nicholson that if a current was 
passed through water it decomposed some of the water into its 
constitnent elements, oxygen and hydrogen. These elements 
were idvan off in the form of gas from two points — where 
the eurrent entered and where it left the liquid — the oxygen 
from the former point, and the hydrogen from the latter. On 
farther investigation it was found that nearly all the solutions 
of metallic salts and acids behaved in a somewhat similar 
manner. This phenomenon has received the name of electrolysis, 
and the liquids which can be thus decomposed are called electrolytes. 
If a solution of sulphate of copper — blue vitriol — ^is subjected to 
electrolysis, the reaction which occurs is simple and interesting. 
Let us suppose that the current is being led into and out of 
the liquid by means of platinum plates — platinum is used for 
this purpose, as it is not acted upon by any acid, nor is it 
easily oxidised. When the current passes, the liquid is decom- 
posed, and copper is deposited on the plate wldoh leads the 
current out of the liquid. If this process is continued for a 
sufficiently long time, and the copper sulphate^ solution is not 
exhausted, a thick coating of pure copper will be deposited on 
the platinum plate. This coating of deposited copper will fit 
into, and fill up, the most minute inequalities which may exist 
on the platinum plate, and if it can be afterwards removed from 
it, it will be a reproduction, accurate to the most microsoopio 
detail, of the plate on which it was deposited. If, on the other 
hand, it is desired not to take an impression of the plate, but 
simply to cover it with a coating of copper, the strength of the 
current is so adjusted that the rate at which the copper is de- 
posited shall be that which experience has shown will give 
a uniform and firm deposit. The plates which lead the current 
into and out of the liquid need not necessarily be platinum. 
Any other substance through which electricity can flow, and 
which is not decomposed by the liquid, will answer quite as 
well, and the result will be exactly the same ; so that all that is 
necessary, in order to obtain on electrotype from any article, or 
to plate it with a coating of copper, is to substitute it for the 
platinum plate, and subject it to the above-described process. 
In a similar manner gold, silver, platinum, nickel, iron, zinc, 
brass, etc., can all be deposited from their proper solutions, and, 
though each particular metal may require many special pre- 
cautions to Ira taken, in order to insure satisfactory results, 
still the one leading principle just described governs the depo- 
sition of all. The electro-plating industry is necessarily the 
outcome of Volta’s discovery, though the introduction of the 
dynamo-machine for the supply of large currents is fast driving 
the Voltaic cell out of the market for this particular purpose. 


PROJECTION.— II. 

PEOJBCnON OF DOOB — TEAP-DOOB AND FEAUINO — CUBES 
AND PEI8M8 — TO PEOJECT A CUBE— SHADE LINES— TO 
DEVELOP A CUBE. 

It will be remembered that in’ the previous lesson the method 
of projecting first single lines, and then planes at various 
angles, was treated of. The present studies are familiar appli- 
cations of the principles laid down. 

Fig. 11 represents a door when the wall is parallel to the 
vertical plane, the door being at an angle to it. The plan 
should be drawn first, and the elevation projected from it. 

Fig. 12 represents a trap-door and frami^, the door being 
inclined to the horizontal plane, supported in that position by 
a piece of timber. In this figure the plan of the framing should 
be drawn first ; then its elevation. To this elevation the edge 
of the trap-door should be added, which should then bo pro- 
jected on to the plan. 

In Fig. 13 the entire plan rotated should be drawn first, and 
the projection obtained by drawing perpendiculars from the 
aiqples, and intersecting them by horizontals drawn from the 
corresponding points in the elevation. 
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Eig, 14.-- Here • plane square . 
is plaoed with its surface pa* 
nUlel to the horizontal plane, 
and its edges, a, 6, c, d, making 
angles of 45^ with ^e TertioiJ 
plane. As this plane is sup- 
posed to possess little or no 
^oksess, its elevation, when 
Ijing da^ is merely the line 
a'd; the angle c, and h which 
lies directly aboye it, being 
marked If we now raise the 
square, allowing it to rest on 
the angle a, the extremitieB of 
the diagonals, d, c, and 6, will 
travel trough pari» of circles. 

Thus, let it required that the 
diagonal a d shall be parallel to 
the vertioal plane, and inoHned 
to the horizontal at 45’'. Draw 
a perpendicular from a to the 
intersecting line, and thus obtain 
a^ From a' draw a line at 45^, 
and with radius a' c and a' d ^ 
describe arcs cutting the 
clined line in ^ and eT; the ex- 
tremities of tile diagonals are < 
thus transferred from the hori- 
zontal to the inclined elevation. 

Now the points ^ and d, in 
rising higher, will also have 
moved towards a in the plan, in 
the track indicated by dotted 
lines; their present position is 
determined by dropping perpeu- 
diculars from ^ and d' to cut 
the dotted lines ; and the pointa 
being united by lines, the plan 
of the square in the required 
position will bo obtained. 

Let it now required to ob- 
tain the projection of this square, 
when, in Edition to the diagonal 
a d being inclined at 45^ to 
the horizontal, it is inclined at 60® to the vertical plane; in I 
other words, keeping the square resting on the point a', inclined 
at its pzesent angle, and rotating it. The plan then will be the 
same as in Fig. 14, but turned round until a' d! is at 60® to the in- 
tersectingline; then perpendiculars raised from each of the angles, 
intersected by 
horizontals 
from the oorre- 
spondingpoints 
in the previous 
elevation, will 
give the projec- 
tion in 1^. 15. 

The same 
plan turned so 
that a d is at . 
right angles to 
the intersect- 
ing line, and 
worked out as 
in the last 
figure, will give 
the projection 
of the square 
when resting 
on one of its 
angles, its 
plane beW at 
d)5® to both the 
planes of pro- 
jeotioh. It will 
be seen that 



Fig. 11, 



the diagonal c h has, in all three 
figures, remained piucallel to the 
horizontal plane; but in Fig. 
16 it will be observed to be 
parallel to both planes. 

The student who has tho* 
roughly mastered the foregoing 
lessons will have seen that, when 
he understood the projeo^n of 
sinffle lines, he soon compre- 
hended the delineation of planes, 
since planes are but forms 
bounded by lines. It is hoped 
that the next step, the projec- 
tion of solids (from the Latin 
solidus, compact), may be di- 
vested of some of its apparent 
difficulties, by the reflection that 
solids (excepting the sphere and 
its allied forms, no portions of 
which are absolute planes) are 
made up of planes, and that thus, 
when planes can be projected 
separately, it will be easy to 
work out several combined in 
one object. Thus a cube, or 
solid square, is formed of six 
equal squares; and as ea5h of 
these sides is parallel to the 
opposite one, the trouble will 
not be much more than project- 
ing three planes. 

CUBES AND PBISMS. 

When three or more planes 
meet at one point, as the comers 
of a cube, they form a solid 
wngle. 

A prism is a solid whose oppo- 
site ends are equal and sii^ar 
plane figures, and whoso sides, 
uniting the ends, are parallolo- 
grams. 

The ends of prisms may be 
either triangles, squares, or 
polygons. 

A line drawn from the centre of one end of a prism to the 
centre of the other is called the aoois. 

TO PROJECT A CUBE. 

First Position (Fig. 17). — When standing on the horizontal 

A WO OMaao 

being vertical, 
and its sides 
at 45 degrees 
to the vertical 
plane. 

Let a 5 cd be 
the plan of the 
cube, and e the 
plan of the axis, 
r Draw perpen- 
Z. diculars from 
each of the 
angles of the 
plim, and moke 
the height 
above the in- 
tersecting line 
equal to the 
side of the plan. 
Draw the top 
line, a d, which 
will complete 
the elevation, 
the axis being 
hidden by the 


Fig, 13. 


edge, c. 
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Second Pocition (Fig. 18)* — ^When resting <m the solid angle, 
a, its sods being inclined at 65^ to the hoadaontaJ, and parallel 
to the Tertioal plane. 

As the aads of a prism is parallel to its edges, it will only be 
necessary to place the elevation of Fig. 17 so that the edges 
are at 65^, then the axis will be between the edge e c in the 
ilront^ and 6 b beyond ; and as the diagonal^ a d, which forma 


the intereeoting line. Draw perpendionlars from the solid 
angles of the plan, and horixontals from the oorrespondmg 
points in the elevation of Fig. 18. The intersections of these 
two sets of lines will give the points for the prqjeotions. 

Shade Lines , — ^The light hu been supposed to come in the 
direction of the parallel lines on the left ^ the point n. Thus 
the sides e d and d 6 are in shade. This is indicated by the 


*1^ 



the breadth of the base, is at right angles (90®) to the edge, I lines on the plan being darker than the others, and all per 
a a, the plane of the base will be at 25® to the horizontal pendionlars rising from them will be dark also, 
plane. Perpendiculars dropped from the angles of this elevation, Development , — The development is formed by the riiapes 

intersected by horizontals drawn from the oorresponding points ^ of all the sides of an object being laid down on a flat snriace, 
in the plan of Fig. 17, will give the plan of Fig. 18, or ^e view | so that when folded, or conneoted, a given solid may be either 
obtained by looking down on the elevation, in the direction of constructed or covert. By solid is here meant an object that 
the arrow. The aods, e f, will now be seen. has the external appearance of solidity. Whether the body 



The student is urged to letter with the utmost care until 
he has become aooustomed to follow each point throngh its 
various changes of position. In Figs. 17, 18, 19, 20, and aU 
subsequent projeotionB of prisms, the points of the base, or 
lower end, will be marked with the same letters as those of 
the opposite or upper end, but in smaller characters. 

Fig. 19. — ^When the axis of the cube is at 65® to the hori- 
zontal and 80® to the vertioal plane. 

Place the plan so that the line of the axis, ef, is at SO® to 


be really solid or hollow wiU be subsequently determined by 
seotionB or cnttmgs. 

To Develop a Cube (Fig. 20). — onbe consistB of six 
square sides. Let a, h, c, d be four of these, which, uniting at 
g, g, will form the walls, then e and / will be the top and bottom, 
A very useful mc^el may be thus formed. The strips left at 
the edges will be'found useful in fastening the sides together. 
If the model is made of cardboard the lines should be out half 
tiirough, and half the thiokness of fho ■ft.ir.-i 
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MINERAL COMMERCIAL PRODUCTS.— II. 

IBOK (continued)* 

Iron pyrites^ nvundie, the biinlphide of iron (FeS,), ia diftoaed < 
through rooks of all agit, but the preaenoe of aulphor makes 
it yaluelesa for the pr^u^on of iron. It is important, how- 
ever, both direotl 7 ,aa a aouroe of sulphur and aidphurio aoid, 
and indireotly in the immense number of the na^nl applioa- : 
tions of this latter product. Pyrites sometimeB oontaina gold, 
and it ia then called (mriferoue pyrites, Wicklow, Cleveland, 
Bohemia, Spain, Portugal, and Norway possess very large quan- 
tities of this mineral. 

' Phosphates qf iron are worked in Canada, and silicates in 
Switserland. 

The principal processes to which iron ores have to be aub- 
iected, in the preparation of iron and steel for manufacturing 
purposes, are roasting and smelting, refining and puddling, 
cementation and tempering, varying with the nature of the ores. 
The roasting process — chiefly necessary for impure ores — ^gets 
rid of combustible matter, water, and carbonic aoid. The 
smelting, oondnoted in large blast furnaces, disengages the 
metal ^m the oxygen and earths of the ores, and brings it 
into the marketable form of cast-iron, in pigs. This is rei^y a ' 
carbide of iron, containing a considerable proportion of carbon, 
with small quantities of some other subatanoes, such as silica 
and potash, derived either from the ores or the fuel. It ia 
very brittle, and suitable only for castings : and, according to 
its quality, it is grey iron, which is the best ; 'mottled ; and 
white, which is the worst. Eefining, a re-melting of the metal 
with coke or charcoal, removes some of the carbon and silicon, 
and produces what is called fine metal. The puddling, which is 
carried on in a reverberatory furnace, disengages further quanti- 
ties of these impurities, and makes the iron malleable, prepared 
in bars or sheets, as required. By cementation, or heating with 
charcoal, bar-iron is made into blistered steeL From this, by 
welding, shear-steel is made; and by re-melting and casting, 
the cheaper oast steel is obteined. Spathose pig-iron can be 
converted into steel without any intermediate processes. This 
is done in Styria and other parts of the Continent, and in Borneo. 
The produce is called natural steel, and ia of very fine quality. 
Ordinary cast-iron, annealed — called “run-steel” — can some- 
times be substituted for steel. The tempering of steel, to adapt 
it, as regards hardness and ductility, for its various purposes, is 
effected by the processes of re-heating and sudden cooling. 

In 1886 there were imported 2,878,469 tons of iron ore, 
valued at ^1,894,626; of pig and puddled iron, 45,195 tons, 
valued at ^221,578 ; of bar, angle, bolt, and rod iron, 105,466 tons, 
valued at JB957,057 ; of old broken iron and old oast iron and 
steel, 12,046 tons, valued at ^31,873; of unwrought steel, 
12,082 tons, valued at iB112,342 ; of sewing machines, ^6258, 740 
worth ; of unenumerated iron manufactures, 8,587,’652 owt., 
valued at i62,200,265. For the same year (1886) the total 
quantities of iron exported were as follow : — Of old iron for re- 
manufacture, 144,860 tons ; of pig and puddled iron, 1,044,552 
tons ; of bar (except railroad), angle, bolt, and rod, 242,947 
tons ; of railr(^ of all sorts, 739,603 tons ; of hoops, sheets, 
and boiler plates, 307,756 tons ; of tinned plates, 334,692 tons ; 
of wire, 40,341 tons^ of oast and wrought iron and all other 
manufactures, 858,923 tons ; of unwrought steel, 166,367 tons ; 
of manufactures of steel, or of steel and iron, 13,453 tona — | 
making a total of 3,388,494 tons, valued at ^21,817,720. 

GOLD. 

This noble metal is unaffected either by air or water, and is 
of great and almost universal use. In civilised countries it 
forms, as coin, the principal medium of exchange, besides being 
used in the form of gold-dust for a similar purpose among semi- 
barbarous nations ; and from the richness of its colour, and its 
imperishable nature, it enters very largely into the composition 
and ornamentation of such articles of utility and luxury as 
require to be both durable and beautiful. For idl these pur- 
poses it ia peculiarly fitted by its weight (sp. gr. 19*5) and its 
extraordinary malleability and ductility. In virtue of these 
latter qualities it can be hammered out into leaves of 282,000 
to an inch, nnd a single grain can be extended into 500 feet 
of wire. Its natural softness can be corrected by a slight 
alloy of silver or copper, and in this state it is commonly em- 
ployed. 


Gold is more generally diffused throughout the globe than 
any other metal except iron, but not in all places in sufficient 
abundance to render its collection or extraction profitable. Ifc 
occurs mostly native, being either pure or alloy^ with silver, 
thorium, and other metals ; and often assodat^^with the sul- 
phides of iron and silver. 

The modes of occurrence and association of gold are as 
follow: — 

1. In quartz veins of the older rooks, those in the Lower 
Silurian containing the greatest quantity of gold. Examples 
are furnished by the auriferous lodes of North Wales. 

2. In quartz veins in such Secondary rooks as have been 
penetrated by certain igneous eruptions, either in the intrusive 
rock, or in the Seoondi^ strata, and then for a limited distance 
only beyond the junction of the two rooks. Such an association 
prevails in California, Central America, and Peru. ^ 

8. As auriferous detritus in Secondary and Tertiary deposits, 
and in the debris and alluvia of rivers, such having been derived 
from gold-bearing rooks. The placer mining of Califor^, Aus- 
tralia, New Zealand, etc., is prosecuted in superficial drift 
deposits. Gold has been found in streams in Cornwall, Devon- 
shire, Wicklow, and Scotland ; and the sands and alluvia of 
' rivers in many parts of the world are washed for this metal. 

Our great supplies sire drawn from all these sources. The 
chief are Austridia and New Zealand, California and British 
Columbia, Brazil, Peru, Mexico, and Central America; the 
Ural, Alt^‘, and Carpathian Mountains. Gold is also obtained 
from Thibet, China, Japan, Further India, and Borneo ; from 
the sands of African rivers, especially in Guinea, and from 
those of the Rhine, Rhone, Danube, and Tagus. Small quanti- 
ties are procured in mining districts from iron and arsenical 
pyrites, and other sources, as in Silesia, Saxony, and parts of 
our own country. The total value of gold imported in 1886 
amounted to 13,392,256 ; while the value of gold exported 
during the same year reached .£13,783,706. 

PLATINTJM. 

Platinum ranks with gold in its resistance to the influence 
of air, moisture, and ordinary acids, end is the heaviest snb- 
stance known (sp. gr. 21*5). It is white, exceedingly malleable 
and ductile, and extremely difficult of fusion. On account of 
its indestructibility it is of g^reat use in the laboratory for 
crucibles. It is valuable in the arts, and has been employed 
for coinage by Russia. 

Platinum rarely occurs pure. It is principally found alloyed 
with palladium, rhodium, iridium, iron, gold, or other metals, 
and generally in alluvial deposits. In the Ural Mountains it 
has been observed disseminated throughout the whole mass of 
certain crystalline rooks. The pure metal is got by adding sal- 
ammoniac to a solution of the alloy in nitro-hydrochlorio aoid, 
and washing and heating the compound thus produced. The 
sources of supply are the Ural Mountains, Brazil, Peru, Spain, 
Borneo, and Ceylon. A considerable quantity ia also famished 
from Russia. 

BILVBB. 

Silver, like gold, is a noble metal, and ia used very extensively 
for similar purposes. It also needs an alloy to harden it ; and 
being loss precious, as well as less weighty (sp. gr. 10*5), is more 
available for common uses, especially many domestic ones. Its 
chemical preparations are valuable in photography and surgery. 
In colour silver is a beautifully brilliant wMte ; it is sonorous, 
highly malleable and ductile, and perhaps the best conductor of 
heat and electricity. 

This metal occurs pure in some rocks in very fine threa<^, 
and large masses of pure silver ore occasionally met with in 
veins. But its supply ia principally derived from ores, of which 
the chief are the chloride (AgCl), or hom^silver, a greyish crys- 
talline mass, which looks uke horn; the sulphide or silver- 
glanccy and its combinations with the sulphides of antimony 
and arsenic, whi(di are known as the dark and light r^ silver 
ores ; and argentiferous galena (sulphide of lead), which often 
contains very considerable quantities. 

Silver is obtained from its ores chiefly by roasting, crushing, 
and amalgamation with merouiy. The sepamtlon from 1^ 
was formerly effected by the superior affinity of le^ with 
i oxygen in the process called cupellation, which wm in every 
way costly; and unless the per-centage of silvw in the lead 
was large, it was not separated. A process known as Pattinr 
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son’s b now employed for desilveriBing lead ; it is ba^ed npon 
the diaooYery that lead oryatalliaea or ooneolidatea at a higher 
temperature than an alloy of lead and silver. Consequently, if 
argentiferous lead be kept at the lowest temperature at which 
the fluid state oould be maintained, solid masses of pure lead 
ace gradually formed and removed, the fluid portion remaining 
being exceedingly rich in silver. Finally, the lead is subjected 
to the process of oupellation, and the silver separated. 

The most abundant supply of silver is yielded by the mines 
of Mqxioo, Chili, and Peru, especially those of Pasoo. Those 
mines occur in elevated districts, some upwards of Id, 000 feet 
above the sea-level. Considerable suppUes are also obtained 
from other parts of South America, in the Ural and Altai 
Mountains, from China, Japan, Cochin-China, Thibet, Asiatic 
Turkey, Norway and Sweden, the Kara Mountains, Saxony, 
Hungary, Austria, and the lead districts of the British Isles. 

The total value of silver imported in 1886 amounted to 
iB7,471,639: while the value of the export of this metal for 
the same year was jg 7,223,699. Thus the total value of gold 
and silver imported in 1886 reached the sum of ^220,863, 895 ; 
the total value of the combined export for thin year being 
^21,007,405. 

mbbcubt. 

^is extraordinary metal — quicksilver, as it is often called— 
fluid at ordinary temperatures, is the heaviest liquid with which 
we are acquainted (ap. gr. 13*59). It becomes solid at -40® 
Fahrenheit, when it ia both malleable and ductile. It ia used 
for the extraction of gold and silver ; as an amalgam in che- 
mistry, and in the construction of scientific instruments ; in 
manufactures, for silvering mirrors, and for vermilion ; and in 
medicine, for the valuable products calomel and corrosive sub- 
limate, the Bubchloride and chloride of the metal respectively. 

Quicksilver ia met with pure in minute globules, but for 
the purposes of commerce it ia obtained from one of its ores — 
cinnabar^ a red sulphide of mercury. This ore occurs in the 
older rooks, but chiefly in those of the Carboniferous system, 
and the metal ia procured from it by a process of distillation. 
The principal sources of supply are Almaden in Spain, and 
Idria in Austria, both very rich ; Peru, California, Mexico, Aus- 
tralia, China, Japan, Ceylon, Bavaria, Bohemia, Tuscany, and 
Hungary ; and the quantities of mercury imported in 1886 are 
about as follows : — 


Pounds. Pounds. 

Austria* 237,450 Other Foreign Countries 15,000 

Spain 8,627.778 South Africa (British) . 300 

Italy 534,450 British East India (Bengal) 7,500 


This very useful metal is rather a rare one. It is but slightly 
acted upon by either air or water, is of a white silvery colour, 
malleable, and easily fused. Its specific gravity ia 7*3. Besides 
being largely used in coating or tinning more oxidable metals, 
as iron, for instance, in the well-known material called tin-plate, 
and combining as an alloy to form pewter, boll-metal, type- 
metal, and solder, it is employed in its chemical combi^tions 
for a great variety of purposes in the useful arts. It ia found 
as an^ oxide, chiefly in the metalliferous veins of the older rooks, 
also in association with wolfram (a double tungstate of iron 
and manganese), and, like gold, in alluvial districts, as stream- 
tin. 

By the processes of roasting, smelting, and refining, the 
stream ores produce the grain tin, which is the most esteemed, 
and the others the bar or block tin. The most productive dis- 
tricts are Cornwall and Devonshire, the Malayan peninsula 
and islands, especially Banca and Billiton, to the south of it, 
and Tenasserim, in the East Indies, China, Saxony, Bohemia, 
Hungary, Peru, New Granada, Bolivia, Mexico, France, Spain, 
Siberia, and Australia. In 1886 the imports of tin in blocks, 
ingots, bars, and slabs amounted to 481,528 cwt., valued at 
^2,318,070. During the same year the total exports of tin 
amounted to 381,495 cwt., valued at ^61,868,089. The quantity 
of tin used in British industries every year is of course very 
large, 

OOPPBB, 

Copper is, a metal of great commercial value, and of very 
extensive use. It is of a fine red colour, very maUmble, ductile, 
and tenacious, highly sonorous, and a good conductor of heat 
and eleotrioity. Its specific gravity is 6*96. Lidependently of I 


ite use for co^ sh^thing for ships, boilers, and domestio uten- 
sils, and of its alloys with gold and silver to harden those 
metals, copper enters into the composition of brass, bronze, 
pinchbeck, ormolu, gun-metol, bell-met^, German silver, and 
the biddery ware of India. It is also largely employed in tbe 
production of colours (blue and green), in telegraphy, and in 
medidne. 

It ooonrs native in fine threads, and occasionally in large 
masses, the most re m a rka ble of which have been found in 
Brazil, the disteiot of Lake Superior, and Australia. The prin- 
cipal ores, which occur either in veins or beds, and are most 
abundant in the Primary rooks, are copper pyrites, a sulphide 
of the metal combined with sulphide of iron ; the red oxide 
(CujO), the black oxide, the green and blue carbonates of copper, 
and the purple and grey copper ores, the latter associated with 
iron, antimony, and arsenic. The reduction of the ores is a 
matter of some difficulty. In Britain it is chiefly carried on in 
the neighbourhood of Swansea. 

Ores of copper are found in Cornwall, Devonshire, Flintshire, 
Wicklow, and other parts of the British Isles j Chili, South 
Australia, the Ural Mountains, United States and Canada, near 
Lakes Superior and Huron ; associated with trap rook in Brazil 
and Cuba; in the copper schists of Mansfeld, in the Harz, 
Saxony, and other parts of Germany ; in Sweden, Tyrol, Hun- 
gary, Tnsoany, Spain, Persia, India, China, Japan, Algiers, 
South Africa, and New Zealand. Malachite, a beautiful ore of 
copper (carbonate), found abundantly in Buasia and Australia, 
can be used as an ornamental stone. Great Britain receives its 
supplies of copper chiefly from her possessions in South Africa, 
Australasia, and North America, besides Norway, Spain, Por- 
tugal, Italy, the United States, Venezuela, Algeria, and other 
countries. The import for 1886 of ore and regains, wrought 
and nnwrought, and nnenumerated mannfaotares, amounted to 
197,600 tons, valued at £4,038,378. The exports for the same 
year reached 1,135,876 cwt., valued at £2,577,441. 


NOTABLE INVENTIONS AND INVENTORS. 

I.-PEINTING. 

BT DAVID BBEMNEB. 

The art of printing, which has exercised such an important 
influence on the human race, can boast no high antiquity. It 
ia true that the cutting of wooden stamps for impressing 
characters npon clay was practised by the Egyptians at a very 
remote period, and that the Romans used metal stamps for 
various purposes ; but it does not seem to have occurred to 
either of those ingenious peoples to multiply copies of their 
writings by a similar method. Printing from engraved blocks 
was invented by the Chinese about two thousand years ago, 
and is still oarried on with but little change in its methods 
or appliances. Towards the close of the fourteenth century 
piotures printed from engraved wooden blocks were produced 
in various parts of Europe, and were circnlated with the view 
of impressing npon the minds of the people leading incidents 
in the Old and New Testaments, appropriate passages of Holy 
Writ being inscribed upon them. But it was not until the 
invention of movable metallic types that printing was fairly 
launched on its great career. 

To John Gutenberg, a German, the immortal honour of 
this discovery belongs. The history of this man is much 
akin to that of other great inventors. When with difficulty 
he got people to understand the value of his discovery, 
attempts were then made to rob him of the honour that 
justly belonged to him. In the year 1450 a partnership into 
which he had entered at Strasburg for the development 
of his invention expired, and he removed with sB his 
printing material to Mayenoe. Here he took a wealthy 
goldsmith, named John Fust or Faust, into his confidence, 
and suooeeded in inducing him to enter into partnership 
for the establiahment of what was really the first regularly 
organised printing office. The earliest work undertaken was 
an edition of the Bible in the Latin langna^. This celebrated 
Bible was completed in 1455, and contained 1,274 pages of 
print. Copies of it are still in existence. Much wonder was 
excited by tbe production of this Book ; but unfortunately the 
venture proved ruinous for Gutenberg. He and his partner 
fell out over financial matters, and he being worsted in a law- 
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suit, had to forfeit all hie property to Eanst, who reaped the 
ore^t of haring produced the Bible* Gutenberg retii^ into 
obseurity» and died in 1468, having, during the last three 
years of his life, received a small pension from the Elector 
Adolphus. Faust, in the meantime, came to be regarded as a 
magieian or one in compact with the devil, and only escaped 
consignment to the flames by divulging the secret of the art of 
printing which he praotis^. The secret consisted in the 
employment of movable metal types, and it was only when the 
mode of using them was explained that the people understood 
how a person could produce two or more copies of a book 
exactly similar. The types used were produced by the tedious 
process of cutting each letter upon a piece of lead of suitable 
size. A great improvement on this method of type-making 
was effected by Peter Soheeffer, a young man whom Faust 
transferred from his work as a goldsmith to the printing office 
after the rupture with Gutenberg. Sohosffer conceived the 
idea of casting the types in a matrix, and thus enormously 
increased the rate of production. A number of important 
works were now issued by Faust and Schosffer, who, in order 
to preserve the secret of the new mode of producing types, 
put all the persons in their service under an oath not to 
divulge it. The firm appears to have prospered, and to have 
preserved their secret until the year 1462, when Mayenco 
was sacked by the Elector Adolphus. That event led to the 
dispersal into different countries of the servants of Faust and 
Soheeffer, and these persons, considering the oath imposed 
upon them to be no longer binding, divulged the secret of the 
new art, and so printing from movable types became known 
throughout Europe. The forms of the letters adopted by the 
earlier printers followed closely those used in the manuscript of 
the period, and attempts were made to imitate the illuminated 
initial letters of the penmen. 

As to the exact date at which the art of printing was 
introduced into England there is some doubt, and there have 
been keen oontroversies on the subject on more than one 
occasion. Popular tradition assigns to William Caxton the 
setting up of the first printing press in this country ; but an 
examination of the best authorities leaves little room for doubt 
that the honour belongs to a man named Oorsellis, who had 
been bred to the printing business in Haerlem, and who had 
been induced to settle at Oxford at the invitation of two com- 
missioners, one of whom was Caxton, sent over by Henry VI. 
for the purpose of securing the in^oduction of the art. At 
least one book printed at Oxford in 1468 is preserved, whereas 
it is a well-established fact that Caxton did not begin print- 
ing at Westminster till 1471, before which time, and subse- 
quent to the time when Corsellis bqgan operations, a printing 
office imder royal patronage had been established at St. Albans. 
In due time the art extended to other towns, but for two 
.centuries it did not make rapid progress. After the Bevolution 
in 1688 a demand for books sprang up, and may be said to 
have gone on increasing steadily to the present time. Side by 
side with the work of the letter-press printer, the allied arts 
of the engraver and the etcher have flourished. In both depart- 
ments there have been many improvements during the present 
century, and notably during the last twenty years. What the 
combined arts have aohiev^ it would be needless to point out, 
as it must be evident to any intelligent person. 

Let us briefly describe the operations of the letter-press 
printer. We must begin with the types, for to them the place 
of honour belongs. Types are composed of an alloy of lead, 
tin, and antimony, those metals being chosen because they are 
easily oast, take a sharp impression, and are not liable to 
corrode. The antimony, moreover, imparts to the other metals 
a considerable degree of hardness, and renders the alloy as 
durable as ordinary brass. Nearly all the types used in books 
and newspapers are now cast by machinery, and only require 
to be finished by hand. Hand-casting was a slow, expensive, 
and unhealthy process, and the machineB have proved a boon 
in every way. There are numerous sizes of type, all made 
according to standard, and known by distinct names. A com- 
plete assortment of types — that is, a collection according to 
the proportion in which the respective letters are used, is called 
a “ fount.’* The printer keeps his type in “ cases,” which 
<arQ simply shallow wooden trays divided into the needful 
number of compartments or ** boxes.” The case in which the 
capital letters are kept is called the ” upper case,” because it 


is placed on the upper part of the frame,” at which the 
compositor stands ; and, in like manner, the case containing 
the small letters is called the ** lower case,” because it occupies 
the lower part of the frame. In the upper case the boxes are 
all of the same size, but in the lower case that is not so, 
because the proportions of the letters need render it necessary 
to have some of the boxto six times larger than others. The 
largest box is that assigned to the letter e, and the smaller 
to such letters as j, q, x, and z. For every five hundred of the 
last-mentioned letters no fewer than twelve thousand of the 
letter e are required. In the case of capitals there is not suoh 
a great disorepanpy. The compositor s business is to pick up 
the types separately between the finger and thumb of his right 
hand and place them in a small iron receptacle called a oom- 
posing-stiok, which he holds in his left hand. Iietter by letter 
and line by line he goes on following his copy closely with his 
eye. As he fills his oomposing-stick, he lifts out the matter,” 
and places it upon a brass tray called a ** galley.” When this 
is filled, a proof is printed and sent with the copy to the 
“reader*’ for comparison and correction. The matter is then 
made np into pages or columns, and sent either to the stereo- 
type foundry or to the machine-room. The stereotyper takes a 
mould of the page of type by first heating it and then pressing 
upon it a thick sheet oomprised of layers of blotting paper and 
tissue paper freshly pasted together. This is called the papier- 
m4ohe process, and is approved for its expedition and clean- 
ness. When the papier-m&ch6 matrix has been dried, it is 
placed in a frame, and molten type-metal is run npon it. The 
“ plate ” thus obtained, after being trimmed, is placed on the 
machine, and printing from it proceeds. The advantages of 
stereotyping are these : it releases the type to be used for other 
work, it is less liable to displacement on the machine, and it can 
be stored away ready for use should a demand for more copies 
of the work than were printed in the first instance arise, whereas 
to keep the type standing would be both costly and inconvenient. 

In printing machinery marvellous progress has been made. 
*1116 earliest presses were composed of wood chiefly, and the 
production of a single impression was a clumsy and laborious 
operation. As the mechanical arts advanced the press was 
improved, and the newspaper printing machine of to-day is 
as groat an advance npon Caxton’s press as the locomotive 
engine is upon the wheelbarrow as a vehicle of transport. The 
history of the printing machine is a record of successful 
struggling with apparently insurmountable difficulties. On the 
hand press only 250 copies could be printed on one side in an 
hour, and it will be understood that as newspapers oame to 
have increased circulations this slow rate failed to satisfy. 
The idea of a rotary printing press was first oonoeived by 
Mr. Nicholson, editor of the Philosophical Journal^ in 1790, 
and he took out patents i nothing, however, oame of the matter. 
Twenty years later a (^rmon named Kdnig proposed to the 
proprietors of the Times to oonstruot a rotary printing machine 
to be worked by steam. He was commissioned to construct 
two machines on his plan, and they were sucoessfully set 
to work in the year 1814. The announoement in the paper 
that it was printed by steam excited world- wide interest. Kdnig’s 
machines, however, produced only 1,100 impressions per hour 
each, and something more expeditious soon oame to be 
desired. Messrs. Applegath and Oowper took up the subject, 
and produced a machine which delivered the sheets printed on 
both sides, and which otherwise embodied many improvements. 
In 1848 Hr. Applegath constructed for the Times three 
^ printing machines in which many novelties were introduced, 
and each of which was capable of turning ont 12,000 sheets 
per hour printed on one side. Messrs. Hoe of New Tork soon 
afterwards oame upon the scene with their famous machines, 
and as daily newspapers in this country were undergoing rapid 
development in oonsequenoe of the abolition of the paper duty, 
the advertisement duty, and the compulsory stamp, that firm 
found many oustomers. Their eight-feeder machine was 
capable of producing 20,000 impressions, or 10,000 completely 
printed newspapers in an hour. The Marinoni machine oame 
next, and produced 20,000 perfect copies per hour. The 
proprietor of the Times, aided by some members of his 
mechanicid staff, oonstmoted, in 1872, a maohine which 
effected a great saving of la^nr. This maohine, known as 
the “ W^ter Press,” f^s itself from a web of paper wound 
npon a roller, and delivers 17,000 perfect copies per hour. 
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Web printing maobinee are now used in the offices of aJl news- 
papers of large oiroulation, and some of them not only fold the 
paper, but in the case of eight-page journali, out open the pagej^ 
and paste one sheet within the other. Side by side with this 
advance in newspaper printing machinery the appliances of 
the book and magazine printer have undergone improvoment. 
It was at one time thought that illustrate works could be 
printed only on the hand press, but now they are turned out 
in the most perfect manner on rotary machines. Much 
ingenuity has been expended in the construction of presses 
for jobbing work, and with the most satisfactory results. 
Special machines for printing and numbering railway tickets 
at a high rate of speed have also been introduced. 

So far we have been dealing only with printing from types, 
or stereotype plates; but we must mention also lithographic 
printing, which in these days represents a large amount of 
work. Much of the stationery used in commerce is prmted by 
the lithographic process, and so are maps, plans, and illustra- 
tions of many kinds. The capabilities of the art are well 
shown in the Christmas and New Year cards which have 
iu recent years become fashionable media for conveying 
messages of greeting and good wishes. In lithography, as the 
word implies, the drawing is made on a stone, of peculiar 
quality, and impressions are taken off it with a printing press 
of special construction. Coloured work requires a separate 
stone for each colour, and the ^lolours are impressed in sue- 
oession, it being no uncommon thing for a card to go through 
the machine a score of times before it is completed. Printing 
from copper or steel plates differs from printiiig from wood- 
cuts or stones in this respect, that whereas the device to be 
impressed is in the case of the latter two raised upon, or even 
with the surface, in the former it is sunk. In preparing a steel 
or copper plate for printing, the printer rubs it over with ink 
so as to fill the lines. He then wipes off the ink from the 
surface, leaving the linos fully charged. A sheet of paper is 
now laid on the plate, and the two are passed through a press of 
special form, with the result that the paper is pressed into the 
lines and absorbs the ink which they contain. There are other 
modes of printing in use, but as they are only modifications of 
those described above we need not iB^ude to them further hero. 


CIVIL ENGINEERING.— !• 

By E. G. BAETaOLOUSW, C.E., M.S.E. 

INTBODUCTION — 3ARLT HISTORY OF THU SCISNCS. 

Civil Engineering is a term so oomprohensive as almost to defy 
a complete and detailed explanation, whilst its importance is 
only equallod by its comprehensiveness. Its history is even 
more difficult to deal with, for it runs parallel with abnost that 
of the world itself. Some idea of the scope of this vast soienoe 
may be formed by stating what are some of the subjects it em- 
braces ; for it must not be imagined that the building of bridges, 
and the formation of canals and railroads, oonstitatea the whole 
of the oocupation of the oivil engineer. 

The oivil engineer is one who applies the prinoiples of 
mechanical and physical philosophy to the construction of the 
n^hinea and public works by which the arts and accommoda- 
tion of oivil life ore rendered more efficient, extensive, and 
secure ; and hence Civil Engineering is the term applied to that 
soienoe whioh treats of the oonatruotion of canals, railroads, 
roads, bridges, gas and water works, sewage and drainage works, 
aqueducts, piers, harbours, docks, viaducts, lighthouses, break- 
waters, and such like. Each of these subjects involves an 
aoquaintanoe with detail in their design and carrying out whioh 
is by no means apparent on the surface. For instance, in the 
one Bubjeot of drainage is involved the arrangement of the dams, 
slnioes, syphons, and machinery of every kind, whether aotuated 
by steam-power, water-power, or the wind, for removing the 
surplus water, and the canals which oommunioate with every 
part of the district to be drained. The civil engineer must 
be acquainted with all the prinoiples and details of machinery, 
whioh is after all but the handmaid of oivil engineering, and 
must be enabled to utilise it to the utmost for facilitating and 
economising his work. He must also be practically acquainted 
with ^6 strength of materials, and with those prinoiples of com- 
bination by which the greatest amount of steength is gained 
ivith the lesjrti expenditure of nmterlaL He must also have a 


olear knowledge of brickwork and masonry, and carpenter’s 
work in general. From the foregoing it is evident that the occu- 
pation of the oivU engineer is far from limited, and that his 
attainments, if he would exoel, must not be few. He must be 
a man of strong determination to combat with the difficulties 
he ia sure to encounter, and one of ready thought to devise ex- 
pedients to overcome them. Inasmuch as the oivU engineer 
must be well acquainted with mechanical engineering, and not 
altogether ign^orant even of many points of military engineering, 
he stands at the head oi his profession, and the vastness and 
variety of his works render a merely superficial oequaintanoe 
with details useless to him ; and no man need aspire to any 
eminence as an engineer who has not climbed the ladder of ex- 
perience from its lowest round. Some of our best engineers 
have been men trained in the sohool of the hardest 
labour, and have risen step by step, gaining experience at each 
advance, and employing that experienoe to the development of 
further aohievements ; and it is a foot that ail our most oele- 
brated engineers have made themselves oonspiouous by works 
essentially their own. 

It may, under certain oiroumstanoes, be desirable for an 
engineer to have the assistance of an architects but that 
engineer who is able himself to proportion his structures to the 
rules of architecture, and to produce a work as elegant as it is 
useful, and as nsefnl as it is solid, has an immense advantage 
over others. Similarly, as many of the public works whioh the 
civil engineer is called upon to carry out involve very largely 
the employment of maohinery, both in the course of the work 
and permanently afterwards, an intimate knowledge of meohan- 
ism and mechanics is of the utmost value to him ; and certainly 
no individual is so well qualified to adapt meohanism to the par- 
tioular function it is intended to perform as the man who under- 
takes the general design. The architect and the meohanioian 
have each their sphere of usefulness, and very many works are 
required in which architecture or machinery alone is needed. 

I Such works are not, striotly speaking, in the province of the 
oivil engineer to carry out. 

One more remark we would make is that an intimato aeqaaint- 
onoe with geometry ia indispensable for the oivil engrineer to 
possess. His operations ore very frequently of suoh a nature 
as to need great strength, and stmotnral strength necessarily 
implies that a strain has to be withstood. The engineer must 
therefore be prepared to meet any strain that may be applied, 
in the most effective and eoonoxnioal manner. Any nnneoessaiy 
use of material must be avoided, and therefore, portioularly 
where lightness has to be oombined with strength, a olear know- 
ledge of direction of force and strain is an obvious necessity. 

That oivil engrineering is certainly one of the most ancient, if 
not the most ancient of all the soiences, is evident from the 
magnifioent relies whioh oontinue, after the lapse of thousands ' 
of years, to be the wonder and admiration even of the present 
ago. No doubt the different conditions of sooiety at ^^erent 
periods of the world’s history have caused various modes of 
development of the soienoe of engineering. In the ecurlier ages 
war engrossed more attention than the arts of peace, and we 
might expect to find more attention paid to the arts of war 
in those days; and hence the works of the early engineers 
would embraoe the defence of their cities by the erection of 
massive walls and towers, or the oonstmotion of engines to 
demolish them. But although many of the arts of peace may 
have lain dormant for a while, commerce was not neglected; and 
we find the Phoenicians, who were the earliest traders on record, 
more than 1,200 years before Christy settling npon the eoaets ot 
the Mediterranean, building Sidon, Tyre, and other coast-towns, 
and forming moles and harbours for the protection of their 
shipping, and for facilitating their loading and unloading. The 
defence and siege of Tyre (382 B.o.) form most interesting 
records of early engineering — not, perhaps, strictly cwil, but 
nevertheless, a record of ingenious devices to meet emergenoies 
whioh many a modem engineer would do wdl to study. When 
we turn to Egypt we are again met with most remarkable 
remains of early engineering skill. One of their monarohs, 
Menes, who lived 2,820 years before Christ, aotoslly diverted 
the oourse of the Nile, and, by cutting water-courses and raising 
embankments, converted the immense marsh which existed upon 
both sides of the river into the finest agrionltnral district in the 
world. 

The great lake Moeris, whioh» according to Herodotus, was 
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450 mjl«g in oironmferenoe, was artificially oonstraotcd, and 
intended as a vast reservoir to reooive the overfiowing water of 
the Kile, that it might be sabsequently utilised for irrigation. 
This great work of engineering was aooomplished 1385 b.o. 
The canal which connected the l^e with the river still remains. 
That remarkable work of modem engineering, a work recently 
completed, the Sues Canal, was accomplished by Ptolemy 11. 
hundreds of years prior to the Christian era. A passing remark 
is all we can give to the Pyramids — ^those stupendous works of 
ancient engineering which, from their construction, must have 
called into action the highest skill of the Egyptian engineers. 
These royal sepulchres are not entirely composed of huge blocks 
of chiselled stone, but are built upon a core or foundation of 
the original mountain, the native rock itself being excavated to 
form the bnrial*chamber ; and the manner in which the large 
masses of stone which form the facing of the rook were cut, 
carried, and lifted to their respective levels, furnishes an into- 
resting study for the engineer. The Great Pyramid contains at 
the present day more than six millions of tons of hewn stone. 

The Pharos, or lighthouse of Alexandria, built by that cele- 
brated civil engineer, Sostratus, was considerably higher than 
St. Paul’s Cathedral. It was constructed entirely of stone, and 
divided into five storeys. But the engineering works of the 
early Egyptians wore not oonfinod to masonry. The people 
were acquainted with metallurgy and hydraulics. The process 
of refining gold and silver, and the forging of iron, werepractised 
by them largely. It is not surprising that the science of 
hydraulics reached an advanced stage in a country so intimately 
asBOoiated with water supply, and the advantages and dis- 
advantages connected with it. To bring the forces of Nature 
to serve the convenience of man is one of the great aims of 
the engineer, and this the ancients knew well how to effect. 
Naturally, Egypt was a marsh ; hence their engineers raised 
dams and bonlm to restrain the river within bounds. But Egypt 
altogether without the Nile would bo a barren waste, lying as it 
does tmder almost a tropical sun, and rarely watered by a 
shower ; hence the Egyptians made lakes and canals to irrigate 
the land ; and to avaU themselves of the water when sunk below 
the level of the soil they devised engines, infiaenoed by wind or 
water, whereby the lowered waters of the river might bo raised, 
and poured again upon the thirsty soil. 

Wo pass on now to Ghreeoe, and here we find engineering 
directed principally to the erection of temples, and buildings for 
the celebration of religions rites, chaste and beautiful, but 
grand and massive $ not that the ancient Greeks by any means 
neglected either commerce or the arts of war. They built 
magnificent walls to protect their cities from the incursions of 
man, and capacious harbours to guard their ships from the 
assaults of Nature. To Hippodamus, a celebrated Greek 
engineer, the city of Rhodes owed its beauty. Philon and 
Callioratoa were Greek engineers, who lived about 400 b.c. The 
siege of Rhodes by Demetrius, and its defence by Diognetus 
and others, form an interesting record of the advance of civil 
and military engineering in those early times. But probably 
no individual of the period was so truly an engdneor, in the 
strictest sense of the word, as Arohimedoa, a man fruitful of 
resouroes, and quick of invention, many of whose oontrivanoes 
are employed to the present day. He was as clever as a 
meohanioian as he was correct as an engineer ; and the combi- 
nation of these two sciences in his person, and the suooess 
resulting therefrom, form the best proof we can have of the 
advantage to be gained in all engineering matters by uniting 
theoiy and practice, l^e stately Parthenon, and other gfrand 
Grecian temples, are, it is true, rather monuments of arohi- 
teotoral than engineering skill ; but the man who could design 
and erect such massive edifices would require to be an engineer 
of a high order. To design an architrave 21 feet long, 5 feet 
8 inches wide, and 6 feet 9 inches deep, might be easy ; but who 
shall estimate the s kill requisite to convey a single block of 
stone of these dimensions to the spot, and elevate it to its site 
more than 40 feet from the ground— -a block containing 803 
cubic feet, and weigMng at least 50 tons I 

But we must not linger amongst the relies of engineering art 
in Greece. There are greater works to be found in Rome and 
its neighbourhood, aud Vitruvius has left us much information 
of Roman engineering works, many of which have in part or 
altogether dimppeared. 

Oonsoiaas of the advantage derived from the selection of a 


healthy site for their towns, the Romans were very careful to 
avoid such places as, by their natural position, would render a 
discharge of sewage a matter either of doubt or difficid^. In 
this respect the ^mans were in advance of ourselves, for we 
select our position and afterwa/rd$ endeavour how best to drain 
it, and if the general level prove lower than the means of dis- 
charge we are compelled to erect costly machinery to convey it 
away. The Romans were equally alive to the importanoe of a 
good water supply. If, from other causes, they desired to build 
upon a badly-watered locality, they expended incredible labour, 
and spared no expense to bring water to their town ; and the 
aquednots of the Romans are to this day standing monuments 
of engineering skill. The engineering works of the Romans 
were not ooa^ned to any particular region. Wherever their 
arms carried conquest, there they displayed the same wonderful 
ingenuity. The whole of Europe abounds more or less with the 
remoina of the labours of their engineers. Their walls, their 
gates, their harbours, their temples, bridges, roads, aqu^uots, 
public buildings, the materials they employed, their triumphs 
over Nature, the height of civilisation they attained to, are all 
so many proofs of the advanced state of civil engineering 
science amongst them. Their introduction of the arch in 
masonry is in itself a memorial to their eng^oering greatness ; 
for although the existence of the aroh in some of the pyramids 
of Egypt points to an era far before the building of l^me, yei 
it must be remembered that the Egyptian orohes were con- 
structed rather as ornaments, or as covers to sarcophagi, than 
as the bearers of superincumbent weights, and that therefore 
the true value of that form was unknown to the Egyptians. 
But look how profusely arohes are made use of in the amphi- 
theatre of Vespasian, where they stand tier over tier ; see the 
wonderful lightness and immense strength of that enduring 
monument, so perfect after the lapse of eighteen oentories ! 
What work of modern engineering skill do we find to oompare 
with it P 

Modem engineers have followed the plan adopted by the 
Romans, of forming breakwaters by the immersion of largo 
blocks of stone or concrete, piling them up without regard to 
order, until they appeared above the water. Of course base 
of such a stmoture is greatly larger than the top, but the pris- 
matio form thus obtained conduces greatly to its stability and 
strength. Plymouth breakwater is constructed thus, and is 
only a reproduction of the breakwater at Centocolla, now Civita 
Veochia. 

The Romans eminently excelled in their roads. As a rule 
these roads were carried forward in a straight line, regardless 
of all natural obstacles. They are to bo found in almost every 
country of Europe, not excepting our own. Twenty-nine great 
military roads centered in Rome, and extended thence to the 
utmost limits of the empire. They were most substantially 
oonstruoted, and profusely decorated on both sides with temples 
and other ornamental struotures. The Romans are stated to 
have constructed about 53,000 miles of road. Tho description 
of the Appian Way reads a^ost like a fable. It was 360 miles 
long, and paved throughout with large blocks of stone, squared 
and dressed with the chisel, and so intimately united that the 
interstioeB between them are scarcely visible. When the roads 
passed through towns they were buHt upon vast sewers, which 
efi’eotually drained their streets. 

Die bridges built by the Romans have withstood the storms 
and floods which have carried away many a modem structure. 
Their aqneduots are marvels of engineering skill, and evidence 
a perfect knowledge of hydrostatics and hydraulics. The finest 
of these were the Aqua Claudia, which was fifty miles long, and 
convey^ water to the capital from Porta kbiggiore, and the 
Anio Kotus, sixty miles in length, six miles of which were 
carried upon arohes, some being 100 feet high. 

Not o^y were the Romans exoeedingly portioular in their 
ohoioe of sites for their towns and oities ; but if necessity oom- 
peUed them to select a position too contiguous for health to 
marshy ground, they in the most complete manner removed the 
evil by on elaborate system of drainage. Rome itself was 
perfectly drained, most of these subterranean channels remain- 
ing to the present day. Tunnels, some of great length, were 
amongst the engineering works of the ancient Romans. The 
temples built for their gods, although not equal in massiveness 
to the temples of the J^ryptians, yet far excelled them in mag- 
nificence and architected bm^. Indeed, in all the works 
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of the Boman engineers we trace a master hand. Centuries 
have elapsed sinoe they were completed, and although disooTeries 
hare sinoe been made, and many great works carried out, we 
must still yield the palm of merit to the Bomans in almost all 
points of struotuxal and architectural engineering. 

Our brief history now passes in silence over sereral centuries. 
From the decay of the Boman empire to the middle of the 
fifteenth century the arts were in a declining state, and little or 
nothing of an engineering character was undertaken. The first 
revival of civil engineeringr ^ Europe took place in Holland, 
when the known rich and valuable character of the low-lying 
land adjoining the sea-coast, and subjeut to the overflowing of 
the tides, began to attract attention, and the idea of reclaiming 
it from the Qerman Ocean was entertained. We merely refer to 
this now as a matter of history, that the first engineering works 
of more modem days have been those of drainage, which in 
the case we have alluded to consisted of the twofold operation 
of erecting a barrier against the encroachments of the ocean, 
and then removing the enclosed waters. Indeed, so important 
wos this kind. of work, and so valuable the resets, that for a 
long series of years, both in this country and on the neighbour- 
ing coasts of Holland, this was the only work of an engineering 
character attempted. It was owing to the great success which 
attended the eiforts of the Butch engineers, that some of them, 
particularly Yermuyden, were invited to England to superintend 
tho drainage of the great fen district in Norfolk, a work whioh 
the Bomans attempted, but without success. 

But we now enter upon a period when we are enabled to 
give a more connected and detailed account of our own engineer- 
ing works, premising, however, that as our object in the suc- 
oooding chapters upon this subject is to explain the principles 
and practice of the various branches it may be divided into, we 
shall only allude to particular works of an engineering kind 
whioh have been carried out, in order better to illustrate the 
subject. 


TECHNICAL DRAWING.— II. 

TECHNICAL DRAWINC BOX — TECHNICAL PENCILS — HINTS ON 
COLOUBINO DRAWINOS — LINEAR DRAWING BY MEANS OF 
INSTRUMENTS. 


out. For meohmcal drawing, it is best to out tkfiat point to 
the pencdl ; this is done by cutting away ihe wood, and leaving 
about an eighth of an inch of lead projecting, which is then 
to be cut until it is thinned to a flat, broad point Hke a chisel ; 
tho broad side of this point is moved along against the rule, 
and the line thus drawn will be found to be much flner t b*-" one 
dra^ with a round point. The chisel-point is economical in 
various ways, for it will not break so often, and the point once 
out can be rubbed from time to time on a piece of fine glass- 
paper or a file, or even on the edge of the drawing-paper. 

Many of our readers will have experienced the annoyance 
of a point breaking in the midst of a lesson, just at the 
moment when following the teacher^s illustration line by line. 
The student is therefore recommended to employ two pencils 
of the same kind, and to make a point at each end of both 
before beginning to work ; to keep the spare pencil at his side ; 
as the point he is using becomes blunt or breaks, he turns 
his pencil; and when the same occurs to the second point, 
he takes up the spare pencil. He has llius the use of four 
points, more than whioh he is not likely to want in ona 
evening. 

Once again the student is urged to remember that the mere 
possession of a case of instruments, however good, will not 
constitute a draughtsman. The instruments are merely the tools 
— ^the mechanical agents through which the mind acts ; and it 
cannot be denied that the more the mind comprehend^ of the 
subject to be drawn, the more willing and inteUigent servants 
will the hands become, and the more accurately will they guide 
the compass or the drawing-pen. GeometrioU drawing, then, 
should be looked upon as a mental exercise more than a merely 
manual occupation or employment, giving us not only subject 
for thought and earnest reflection, but enabling us to communi- 
cate our plans to others in such a manner that they can under- 
stand us and work out our designs better than they could have 
done from the most eloquent description. 

The student will, no doubt, find it difficult at first to draw 
very fine lines, or to get them to intersect each other exactly as 
required, especially if he has been engaged in some hard manual 
occupation during the day ; but ho will find a little practice will 
soon overcome this, if he Wt starts with patience, energy, and 
the earnest desire to excel. 


The writer has frequently been asked by students, “ Whioh is 
the cheapest box of instruments to get?’* whilst others have 
put to him the question, “AYhich is the best case to buy?” 
Now, it is not within tho province of this work to recommend 
the instruments of any particular maker, nor to suggest the 
prices which should be given, as this last depends on the 
m^ns at the command of the purchaser. But smallness of 
price is not always real cheapness, and a good article, manu- 
factured by, and bearing the name of, a respectable English 
house will be found by far tho most economical in the end. 

Of course the price of a case of drawing implements must 
doi^nd on what is contained in it. The following artioles are 
indispensable ; and these having been obtained as a beginning, 
single instruments or colours can from time to time be added 
as occasion may require : — A set of instruments, whioh should 
at least comprise a pair of compasses with steel, pencil, and 
inking leg ; a draw-pen ; a twelve-inch rule, divided into eighths 
or tenths on the one side, and twelfths on the other ; if pos- 
sible, a protractor; and certainly a stick of Indian iidc. In 
addition to these, the mechanical draughtsman requires colours; 
and, proceeding again to name the ainallest stock he can do 
with, we advise him to get at starting three only — ^viz., indigo, 
lake, and yeUow-oohre — from whioh ho will be able to mix 
most of the tints use^. in Technical Drawings, according to 
methods which will bo given presently. Of course he will add 
to the three colours from time to time. Then he will require 
a small slab— one with three divisions will be found the most 
useful — and a few brushes with sticks. 

, As to pencils, the degrees most generally useful are those 
marked hb and h, the latter of whioh, being harder than the 
^ormer, is more adapted for very minute work; but, as a rule, 
ham pencils are not the best for mechanical drawings whioh are 
to Ito ink^ as they are liable to make grooves in the paper, the 
Do^m of which the nib of the drawing-pen does not touch, 
hww the edges of the line will be ragged ; and further, 
lines which are drawn with very hard pencils are difficult to rub 


A FEW PLAIN HINTS ON COLOURING DRAWINGS. 


When yon are about rubbing up some colour, first see that 
the slab is not dusty. Then drop some water on it from one 
of the larger brushes; but on no account dip the cake of 
colour into the cup or glass of water, whioh is a most wasteful 
plan, as it softens the cake, and causes it to crumble off in 
rubbing. 

Bub the point firmly, but not too heavily, or you will not get 
the colour smooth. Be careful to hold the cake upright, so as 
to keep the edge flat. 

When you have rubbed as much colour as you think you are 
likely to want, do not at once put the cake back into its place 
in the box, but stand it on one of its edges so as to allow it to' 
dry, otherwise it will stick to the box. 


BluCf red, and yellow are called the three primary ooloora. 
When two primaries are mixed they produce a secondary colour. 


Thus;— 

Primarisa. 

Secondary, 


Yellow and Bed 

produce Orange. 


Yellow and Blue 

„ Green. 


Bed and Blue 

„ Purple. 


When yon wish to mix a secondary colour, such as green, 
from the two primaries blue and yellow, mb the bine in ope 
division of the slab, and the yellow in another, leaving a space 
between them. Then, with your brush, mix the two colours in 
this vacant space ; but on no account mb either of the cakes in 
the colour obtained from the other, as this would leave the end 
soaked in another tint, and when yon used it again you wonld 
find the colour would be impure. Of course, these remarks 
apply to the mixing of any two colours. 

In order that colour may flow easily, and- cover a surface 
evenly, it is necessary that it should be It is always easy 

to wash it over aga^ if it is not dark enough, but it is very 
difficult to wash off the oolour if it be too dark. 

When yon have laid on your oolonr, do not touch it again 
whilst wet. If it should require re-touching, let this be dona 
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when it has dried, as yoa will generally make it worse by when reproached with idlencas, say, **I don’t know where to 
■tixTing about in the wet oolonr, and will be likely to mb np begin,’* we may here, once for all, lay down the principle, that 


the surface of the paper. 


when the general position of the whole subject on the paper 


Wherever it is possible, use a large brush in preference to a has been decided upon, the sure plan is to draw first that which 
smaller one, as you will by this means be the more likdly to would be laid doum, or built first It is also necessary to say 
succeed in getting a flat wash, whilst a small brush might that all the drawings in these lessons are to be worked to at 
make the tint He in streaks. Care is, however, necessary in least twice the siso of these examples. 

using a large brush, so that you may not pass over the outlies. Well, then, the sleepers, a a a a a, would, of course, be laid 
To lay a flat wash of colour is of great importanoe, and to be down flrst ; and therefore these must be drawn flrst. 


able to accomplish this some practice is required, in order to 
obtain which you are recommended to draw sevend triangles, 
squares, or other figures, of different sixes. Oommenoe by . 
colouring the smallest, and then work on ^ 
in order of size, as it is more difficult to ^ pH I 1 

spread the wash over a large than a small J j I I 

surface. Let your brush be quite full of Md ^ ^ L|| 

thin colour, and, holding it nearly upright, Hi |HH| H 
pass it boldly over the upper part of the , j 1 | I 

figure; then gradually bring the colour I I I I 

down, spreading it equally over the whole T 

work as rapidly as you can, so as to pre* HH • ||||||[|| * H 
vent, if possible, any one part drying bo- , 

fore the whole surface has been covered 1 4 
withoolonr. | 1 0 | ” 

The following is a list of the colours HH ^ ■■■■ ^ ■■ 
used by most architects to express the jHHH H 

various substances : — lilt 

Material, Colow, I | | I 

Brickwork to be exe. \ ||H ^ |h||||J Lm 

onted (in the plans VCrimson Lake. Hb pHB Hi 

and sections) . j I I I | 

I ^ ^ I 

ocVomUiuiB*!. 

Oak or Teak . . Vandyke Brown. I | I 

Granite . • . Pale Indian Ink. | f | 

Bton. g««rany . ^ ■ ♦ » - ' 

C<mc«t,Work. . a«k n»*. ^ 

Wrought Iron , Indigo. • • ■ < 

Cast Iron . f Payne's Grey, or ■ : T 

cnsixron Neutral Tint. . kfsMBMHM 

j Pale Indigo tinged 

• • •( with Lake. 

J Gamboge, or Boman 

• • -i Ooh«. ^ 

J Pale Indian Ink tinged 
’ *1 with Indigo. 

Clay or Earth . . Burnt Umber. 

Slate . . . Indigo and Lake. 

Having thns given a few of the ele- 
mentary principles of drawing and colour- 
ing, we will now proceed with our subject, 
showing the application of these prin- 
ciples, and developing others as the 
lessons advance. 

The principles of foundations being 
enunciated in the lessons on ** Building 
Construction,** it is here proposed to give 
some studies of the various assemblies Pii 

of timber employed in such works, in 
order to afford some useful practice in drawing parallel lines at 
right angles to each other. 

LINSA.R DBAWINa BT SCBAN8 OP INSTIUTUBNTS, 


Draw the line A b, the front edge of the first oross-sleeper 
(Fig. 4). 

This line is to be drawn with the T-sqnare, holding the butt- 
le end tightly against the left-hand edge of 
I I I I the drawing-board. Do not draw it exactly 
] I I the length of A B, but longer, and set off 

■I • ■■[|H , IB the length A B npon it, leaving a Uttlo of 
Bl HHI| Hi the indefinite line on each side of A B. 

I I The purpose of this will be pointed out 

I I to you presently. 

H Next, keeping your T-square in its 
HH • HjHjll * ip place against the edge of your board, 
move it by its butt-end a trifle lower 
K I ^ down, place yonr sot-square against it as 

I I shown in the cut, and draw perpendiculars 

■I • IHIM * Hf from A and B (as shown in Fig. 4). The 
* immediate purpose of these is to give the 
I j I ends of all the orosa-sleepera ; but as they 

I j I will be wanted for another purpose by- 

■■ HF and-by, draw them much higher than they 

H| * iHIh * pR present required : in fact, in 

I I asrohitectural drawing, it is very useful 

III to draw your pencil lines past their abso- 

lute extremities, for reasons which I will 
_| o Umilll • ||K explain to you when speaking of inking 
drawings. 

II I You will now find it useful to employ 

I I two pairs of compasses or dividers. In 

* ^ " " j g the one, take the thickness of the sleepers ; 

— ]| and in the other, the width of the space 

*’ — between them. From A b set off on the 

^ * perpendicular, A c, the width of the first 

I *' * one, then a space, then another sleeper, 

and BO on ; and draw the lines which grive 

U *****^*"""®* B the edges of the sleepers. 

It will, of course, be remembered that 
too hard a pencil should not be used, so 
that the superfluous lines may be easily 
rubbed out after inking, and that the 
pencilling must be done as lightly as 
possible, BO that no more of the grit of 
the lead than is absolutely necessary may 
be left on the paper, for this wiU work 
up between the nibs of your draw-pon, 
and cause endless annoyance and diffi^ 
oulty. 

With the same width in your compasses, 
mark off the sizes* of the longitudinal 
sleepers, b b b b, which rest on aaaaa; 
and across these again draw the planking, 
e c c c c, the Hnes forming the ends of 
>. 5 . these planks to be drawn within the Hues 

A 0 and B D. 

To draw the sectional elevation (Fig. 5), draw the ground- , 
Hne, B Tf and the line above it, d e, representing the height oi 
the cross-sleepers, of which a is the elevation. 

Produce the Hues of the longitudinal sleepers in the plan; 


Fig. 4 is the plan of a network of timber supporting a plat- these will give the sides of their sections in Fig. 5, and across 


form on wbidh a foundation is to be erected. 


these draw the edges of the planking, c, parallel to the lower 


‘ Here the transverse sleepers, a a a a a, rest directly on a site sleeper. It will be seen that the under sides of these sections 
which, although not soft enough to render piling necessary, is are lower than the upper edge of the lower sleeper ; this is 
atill not sufficiently firm to allow the walls of the structure to because they ore notoh^ on to H in the manner shown in the 
be raised without ^e foundation being extended and equalised, lessons on ” Building Construction.** 

Fig. 5 is the sectional elevation of the aleepers and wall, a On the platform thus oonstruoted draw the aeotion of the pier 
being the elevation of the cross-sleepers, which are shaded in or wall, 

th^laB. It may be mentioned that the spaces between the sleepert 

With thus much information as to the meaning of the sub- should be well rammed or flushed up to the top of the sleepers 
Jeots before Mm, the student can now commence work ; and as — the planking may be then said to rest upon a soljd basis— 
we have often known learners waste half of thedr evening, and and planks should be spOced to the sleepers with wooden pins. 
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APPLIED MECHANICS.— L 

BT BOBVSr^ BAliB, X. A m 1( <<*».• 

AviarpttDaBMP-BogrEl loqr 


APPLICATIONS OP THS LEVSB AHl> THE SOBXW* 

It is proposed in this series of lessons to gira an aoopmit of the 
praotioid appliostiotis of meohanioal principles. Hie general 
laws of Hechanios hare been alrea^ laid down in onr ** Lessons 
in Meohanios" in Tkb PoFUXiAii Ebitoatob. Onr business is 
with the application of these laws to practice^ and therefore^ 
not unfreqoently hare to refer to tiiem. For example, in 
the present lesson we shall often assume that the reader is 
^th the different forms of lerer and their mechanical 
properties, of which an account will be found in Lesson DL 
of the series referred to. So also in what we shall hare to saj 
of the applications of the screw, we shall suppose that the 
reader already possesses the knowledge which may be gained hy 
a perusal of Lesson XV. Occasional glances bare been giTcn 
in these lessons of the useful applications of the meohanioal 
powers. It shall be onr duty ^ follow out the useful part to 
its details. We shall describe and give a practical account of 
many tools, implements, and maohines; we shall select those 
which are of interest either from the fact that they are of 
▼ery extensire nse, or that they are connected with some impor- 
tant branch of manufacture. We shall occasionally descri^ a 
very common tool, and occasionally a oolossal machine or stmo- 
ture. It is hoped that an account such as this is designed to 
be will not only prove of interest to the student of Medianics, 
but be of actual service to those who are' in any way cibnneoted 
with manufacturing industry. 

The lover is susceptible of a vast variety of forms, and it 
will be useful for the student to practise himself in ti^g to 
recognise its presence under its diffsrent aspects. In machines 
of any complexity, which contain a great number of moving 
parts, many of these parts are levers of one fmrm or another. 
We shall mention a few of the different oases in which this 
contrivance is met with. 


We begm with one that is very simple and well known — the 
ordinary pincers. This is shown in Fig. 1, in which the familiar 
process of palling out a nail is represent^. This tool consists 
of two levers of ^e first order; the common fulcrum of both is 
the pin at f, about which they work. The power is applied at 
H, by squeezing the ends of the levers together. T^e load 
is at &, and consists in the grip with which ibe nail is held. In 
the figure the leve^e is about sixfold— that is, the jaws grip 
the nsil with six times the force riiat the ends, K, h, are forced 
together. The nail is held in the jaws by friotion, which in- 
creases with the pressure, and consequently, the more powerful 
the force with which the jaws are pressed together, ^e more 
secure is the hold whirii they have of the nail. Hence we 
see the principle of the level? of the first order applied in 
taking hold of the nsil, and we 
shall now recognise it in the sub- 
sequent process. YSHben the naU 
is to be extracted, the side, s, Of 
the jaw is preas^ sgsiMt the 
sui&ce, and s becomes how the 
fulorom. X is pressed down to- 
wards the surface by ihe band, 
and this measure oonstitates the 

r rrsr. The load to be overcome 
BOW the tenaciiy with which 
the naQ resists being withdrawn. 
This is pinoipa% due to the 
, , friotidu at the nail upon the 

jrood which it has been driven, imd of course witii 
^ nature of the wood and the siae of the nsH. We shall 
take one hutsnee. It has been loimd that a naff called a 

which is 1*25 inches long, when hammered to a 
wpm of 0*d inch into dlry Ohriidfana dmd,. required a fonie of 
W ^ to exfafaot it. Let us suppose that it is a naU of t^ 
^ we have represented in the lignre. How, the aotton 
of the h^d is twofolcl;^ first squeeaes riie jaws together, and 
g^wifehoMHlng them firmly, pvesSee the whcfie tool in the 
^t^ arrow on X K. It It opibr the ktter pert 

by the ptiao^le d 




the bent lever, the power of the hand must be to the resistance 
at the nail, as the line t t is to the line 0 P. Kow, on the soale 
on which the figure is drawn, t t is about one^dghth part of 
8 p; hence the power neoessaty to be applied at x is only 
58 4- 8. that is, about 7 or 8 lb. There is anothir adriuitage 
gained by the use of this tool, which it is important W nottoe» 
as the same case is met with in many diflSshmt tods aafi 
machines. The pincers enable the whole power of the arm to 
be concentrated on withdrawing the naH. The fingers appHed 
dheetly wonld be bruised in fruitlees eflbrts even to st^ the 
nail I but the pincers, by giring a good object to grasp, enable ^ 
the whole power of the arm to be app^, and then they 
magnify this power eightfold. Ko wondw, then, at the remark* 
able effloienoy of this useful tool. 

Lerers are not nnfreqnently used when there Is no mechanioal 
advantage to be gained in the way of power, but where the 
direction of a force is desired to be dumged. In such 
it is sometimeB a little difficult to 
see that the piece is a lever. We 
must then carefully remember 
the definition, that a pieoe capable 
of turning around a centre, to 
one print of whioh the power is 
applied, while to another point 
the load is applied, is a lever. A 
common iUus^tion of this form 
is shown in Fig. 2, which repre- 
sents the well-known bell-crank. 

Bell-wires being stiff and rigid, 
it wonld be impossible to olumge 
their direction by means of 
pulleys, and so the beautiful and ingenious oontrivance of 
the bell-crank has been adopted. It consists of a quadrant, 
usnaiUy of brass. It is supported at the centre, F, upon a 
pin which is firmly fastened to the wall, and about pin 
it is free to tom. The power is appU^ to the oiroamfer- 
enoe of the quadrant at the point P, the direction of its applica- 
tion being perpendionlar to the rSrins v F ; this is the point to 
which the wire is attadhed by whioh the puU is given. Now, 
the effect of the pull on p is to turn the crank round slightly in 
the direction of the arrow, and this can only be done by xaismg 
B ; hence at B the wire to transmit the pt^ is attached. The 
lo^ is in this case only equal to the power, so there is no gain 
in that respect; in fact, if anything, there is a slight loss, owing 
to the friorion of the crank about the pin. 

A very useful application of the lever of the third order is 
met wilh in the common treadle used in taming the foot-lathe. 
Here the power consists of the pressure of the foot which is 
applied between the fnlcrum at one end, whioh is the centre 
about whioh the treadle moves, and the load at the other end, 
whioh is communicated by means of the oonneoting-rod asid 
crank to the main shaft of the lathe. The power is here 
diminiriied, as is always the cose in the lever of the third order; 
but the object aimed at is convenience, and it is found by ex- 
perience to be easier for the foot to exert a pressure sulBrient 
to move the latiie through a short distance, rather than a less 
pressure throng a longer distance. The r^ resistance Which 
the lathe has to overcome is not the raising of a weight, but 
ihe shearing force neoeseary to cut off wt& a tool rimvings 
at wood, ivory, iron, or other work on which the lalhe may be 
engaged. The lathe apparently gives an inorsaae of power, 
becaw in taming iron, for insianoe, ^ shavings tfant are 
out off are far greater than could have been removed from 
ilia work by the direct applioailon of the took One reason 
of this is, that in the latter case only a few muscles of the 
hand and arm can be employed, whOe, with the aid of the 
lathe, all the powerful musolee of the leg can be concentrated 
on the work. 

The screw is a merinmical power of the utmoift knportaaoe. 
Its theory has been already given in Lesson XY. of Mechanics 
(POPULAB Ebuoatob, Vol. lY., p. 11), and we shsB now point 
out some practical oonsideriitioiis in oonneotic^ wltii its use. 

The efirieney of the screw is largely diminished by friction. 
In fact, emnetiffles the power of a screw ts found to be only one* 
fonrtii of what it wow have been had not this force been 
preecnt. This ocntrasbi the sriew with the lever, for in the 
latter the effect of friction is quite imperceptible. Theory at 
oBce hi the lever gives the nriarion between m power and the 
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loftd; «o does theory ia the eovew alio; but then it xnnst be 
preoeded by and baeed upon aotual ezperiinent. 

in order to nui^he this oiaar we iball folly deeoi^ experimenta 
which hare been made i^pon a eoreW'jaok, with a Tiew of deter- 
mine the relation between the power and the loaA 

l^e imw-jaokemploy^ is xiq^ented 
It mpod 

of iron, two leiro of which axe ihown in 
the The top of this, a, ie made 

of bra^ andforme the nut oi ^eeorew. R 
The aorew Heelf ia Tery oarefuUj turned 
from a o^hader of wrong^ht iron. Its pitch 
iatwo tinpeada to the inch, and its diameter 
about two inohea. The top of the aorew 
ia mdaryed, aa aeen at b. This oontaina 
two holM, one of which ia shown, while 
fhxoiifirh the other the arm b jb ia paaaed* 

This arm is for the pnrpoae of turning 
Tonnd , the screw. At o is the crown. Thia 
ia ao arranged thattt can turn round on 
B, so that after it has bitten into the 
Buzfiaee which is being pressed upwards 
it aheil cease to revolTe, though b ia 
turned round. The object of tbia is to 
dimir^h the great friction which would 
be mcjgffienoed by making the top rerolTU 
agidnit the sortaoe, and placing the frio- 
tk)n instead between the top of the screw 
and the under surface of the crown, where 
it can be reduced by having a smooth and 
well-oiled bearing. Anolher reason ia, 
that the aurfaoe acted on would be tom and injured by, the ' 
action of the crown. There are alight ndgea round the margin 
In order to make it take firm hold. , The bottom of the tripod ia 
ahK» furniahed with short projecting points which embed them- 
aelmtn the aorfaoe and prevent tripod from tumjng round 
with the screw. 

The aorew^^bok used In fhe experiments npwdeaerihedwaa one 
adapted for weighta up to two tms. Thearm la about fid ino)ma 
long. . When the jurm makes one revolution it moves through a 
apMof ^ ^ 

d X Y ,9( 88 B 906 inches. 

But it must perform two retolntiona in m^der to raise the aorew 
1 inch. Hence the power must have been exerted through a 
distance of 416 inches to raise the aorew 1 inch. Aooordizig, 
therefore, to the prindplea laid down, if there were no friction 
the sieriianioal efflciefnoy of this screw should be 416*fold. Let 
us see how mubh it ia in reality. 

A weight of 1,000 pounds ia placed upon the screw, and it 
ia fbttnd that a power of 8*2 pounds applied to the ex^xidty 
of the arm ia just auffloiaat to raise it. Henoe 
the ]4al meohanioal efioiency ia— - 


have moved 7^ inches. This would be the meohanicalcfihsia^ 
without Motion ; with friction it may be haaumed about one 
quarter of this, or 188. Henoe, in order that the nut may 
exert a {msanre of one ton in diawix^ the surfhoea together, it 
is only requisite that the hand exert a pressure of 



2949 

186’’ 


11*9 lb. 


1000^ 

84 


399 1b. 


Lh fact, aince^il^ « 89, the true mechanical 
efficiency ia only 29 pw cent of what it would 
hasre bem had there been no Motion— dess, in 
fiaoij^than one-third. 

Jt is important to underatUnd this thoroughly, 
and in general it will be safe to calculate on not 
getting from a aorew more than ona-feurth of the 
powm it would yield without Motiop. 

The moat useful contrivanoe by whloh the dif- 
fertnt parte of a atruotore can be united together 
owes its efficiency to the screw. Thia ia the weU^ 
known screw-bolt represented in Big. 4. Bolts are the stitches 
by whirii machines are put togetiner. Ihey owe their utility to 
•eumal distinct reasons. 

I. They enable the parts to be drawn together very forcibly. 
TnuPf aiuppoae a boH have ten threads to the ipdi, and ^at 
its JriA be turned by a wrench, the arm of ^woh ia a foot 
long, the hand must mxrvt In one revolutioa Iteawh a rirbom- 
featncewl m 


E atw e, whio tha nut has been mored ens hidi, tht bant must 



Thus, with a force of 12 lb., w^dh can be 
exert^ with little effort, the . parts are 
pullsd together by a force of a tpn i and 
with a ,li^e pxeriion a fc^e four or five 
times this amount is rei^^ produced. 

2. The strength with wmch ihCT hold 
the parts together is very mnarkable. 
Hot only does a bolt bring the parts 
into intimate contaot, but it keeps them 
there. In fact, if the screw be properly 
made, and the size of the nut properly 
proportioned, the bolt may be considered 
as formed of solid iron when onqe the nut 
Is screwed home. But wrought iron, 
when good, requires a force of about 
twenty tons per square inch of section 
to tear it asunder; oonaequently a nut 
t^hose diameter is au inch will not be 
OT^oome by a f orojS less than about fifteen 
ions. Though the two meaam just men- 
tioned are the most important, yet there 
are several subsidiary reasons why bolts 
, are so extensively us^ 

8. Thfibr simplici^. , A bolt oonsists bidy of two parts, for 
the nut requires no oatoh to prevent it f rom s^pi^ back alo^ 
the screw after it has been brought home. This is due to fric- 
tion. Without friction every nut would require to be provided 
with some complicated arrangement to prevent its motion. 
Bolts opnneoting parts subject to extreme vibration can gene- 
rally have theur nuts kept f%ht by the siinple process of screw- 
ing a second nut down houfie on the top of the first. 

4. Another great practical oonvepienoe of bolts is the very 
different sizes of the work they can grasp. A bolt 12 inches 
long, and 2.inches of screw on the end,' oan bind together 
any twp ^oes whose united ihiokiiess is a little (^ater than 10 
and a lilm less tluua 12 inenes^ But with the simple addition 
of washers — which are little iron plates with holes large enough 
to allow the bolt free passage — a Ifi-inch bolt can be made to 
grasp any twp pieces whose united tJInbkneBB is less than one foot. 

A BoHs z^uire vei^ lii^ to ^ done to the work to whirir 
they are appHed. All that is necessary is that a hole be bored 
large enough to .admit the bolt.. It is not necessary that this 
hole fit closely,; a;loM fit acts as well as a tight one. 

’ A 2% do bolts huure the work when the pres- 
sura is i^i^ed to tiiem, because by the use of 
washers XU pro^ siae ^the force oan be distributed 
over a suffirientiy largt area on the surface of the 
worl^and consequently bruising it oan be avoided. 

7* Bolts can be very readily ap^ed, removed, 
or changed, and only a most simple tool — a 
Borew-wrenoh or spanner— is necessary for the 
purpose. Ko ikilled workman is requii^ 

8. Bolts being made wrought iron are ever- 
lasting if rust be prevented. They are very 
cheep, as thousands of tons of iron are annually 
manufactured into bolts by maohinery. They are 
kept in stock, of all sises and fonns, in drops 
where they are sold, and they are very portable. 
These reasons being consideved, we need wA 
wonder at tbs snormausly varied ebnoumstanoea under which 
boto ars employed ; they lead ua wtih akeavy debt gratitude 
to that most beautiM cf tim meehaniaat pof^ra—tilie . screw. 

little need be said of the common vmod-aoreF- The thread 
of tida acyaw Is sharp, as it has to cut a nut for itself in the 
wood through whloh it passes. Its poiat must first be inserted 
brio aho3% senne of its threads then embed themselves sUghtiy 
in the wood, and thus lorm tiiA beginning of a uqt t¥hen the 
ewdxtrsr is apiffied the aorew Mvanom, and time makes its 
nut mote perfeot. It .may , be remarked that a. screw shcmld 
shaays be at right aeglm jto.tiw gmin el the pmodt 99 as |o 
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as 

enablft the tiiread to inehmttte itealf betwee^ the interetiote of time rendering pxoBvdt nearly impoasible. l^en nenalfy tqt 
the fibres. It is obvixme that this cannot be done properly if irap8» it is also hunted with dogs, until, being an e^;>ert 
the gr^ be pasldl^ to the ads of t^ screw. climber, it takes refnge in a tree, and the hnnters oome 

We ff hal l oonclnde this lessen with ah aoooimt of a common np it is easily shot. The skin is a tawny yellow, the lower 
and nseftd machine, which combinea in itself examples both of parts idute, and ooTered all orer with dark spots, which Tary 

the lew and the screw,- This is the rice, of which, in its in sise and form. It is worn as a mantle by the Rnngsdan 

ordiiiary form, a diagram nobles who form the royal body-guard of Austria; it is also 
is giren in "Big, 5. It used as a saddle-cloth in some of our caTalry reginmnts, as a 
oonsiata of two jaws, jlb mark of rank amongst die officers. About 200 leopa^«dciiia 

and a'c. a b is oontinned are sent annnally to the Rnglish fur market, 

downwards into what is The Jaguar^ er Ameriem Paevther onca, LiinuBU8}.---«A 
called the tail, b, which native of the warm parte of America, especially Paraguay and the 
rests npon the ground. Bradls. Kext to die tiger, the strongest species of the genus | 
The object of the tail is also an expert dimber. The skin is beautifully marked widi 
tosnppi^dievioewhen, deip chocolate-brown spots upon a rich yellowish ground, 
as is often the case, the Prc^ 300 to 400 skins of this animal are annually imported, 
work between the jaws and need as mgs, or for ornamental piuposes. 
at w receives a blow The Puma, or Ameriea/n Xdon (FeHs eoncolor, L.). — ^Exten* 
from a hammer. A' is sively distributed throughout the Southern American continent, 
firmly seemed to the found also in the warmer parts of North America. More fre- 
benoh by moans of a quendy met with in grassy plains and marshy meadow-lands 
etrap of iron, t, which l^rdedng rivers than in the forest. This animal lives upon 
^ passes around it, and is deer, hogs, and sheep, to which it is very destmedvo ; for it is 
then bolted to the bench not sadsfi^ with the simple seisure of prey, but, meeting with 
: Thus the jaw Asa herd of saimals, will kill as many as possible, sucking only a 
the other portion of the blood from each. G^e fur of the ptuna is duck, 
jhw A' of close, and reddish-brown in colour, changing on the belly to a 
tmtning aftrorid 4^ p^ pale reddish-white. The skin, when impost, is used for oar- 
diownsft A;'. ^Thnii9^ rhigb lvrappers. 

eiduv be bronchi Xfytus (Felie Oanetdemis, Geoffroy). — This is a 

ebiriari"' with . B»\or in the wooded districts of Canada as 

moved to a oonsidershle iSUrisuBCe fbcm it, Thi^ <ffiieQt ^ m 

the vice is to seise the wori^ wf, imd hbM it die eapto of the American hare, on which 

it is being filed, or drilled^^ or out with a rifisri, or It n^es a poor fight when attacked by 

some other opeiadon. Of ootuwe^ it is only for COiBgriratfi^^ Sdod^aris up its hair like an angry oat, bnt is 

small pieces of work that sa6h iri Instruiuent isnj|ed^t^indee$$||i^ blow on die back with a slender stiok. 

required. The necessary prsasnre is given to the ja^ A' o by 
means of a screw, s. In Pig. 6 are shown the of lead 

which are used for putting on the jaws of the vice wkek 
work which would be injured by the steel faces of die S 
unprotected. " - ; . , 

When the handle, B, is tamed so as to move the sertfif igid 
the nut, the jaw a'o is brought forcibly towards A B. 
then a lever of the third order, as the fulcrum is at one end, tit#' 
load at the other, and the power in the middle. The power ctf die 
screw is therefore sUghdy diminished, when iqiplied to the work 
at c; butas aforoeof a tonormoreoan easily be exerted by the 
screw, it will, even though it loses a third of its amount by the 
nature of the leverage, exert a tremendous pressure on the work. 

The surfaces of the jaws are roughened, so that they can take 
a firm grip of what is between them, and hold it by the friodon. 

At X, a spring acting npon die jaw A* o is shown. The object of 
diis is to move the jaws ainmder when the pressure of the screw 
m relaxed. The screw and its nut are quite independent of the 
jaws, and require to be renewed oocasionslly, as the thread of the 
nut is apt to wear out by constant use. 

There are multitudes of other applications of the screw and 
lever, and it will be useful for the student to exerdse himself in 
endeavemring to examine them. 
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CARNIVORA. 

RiamaBADA (oontimMfi). 

The Tiger ffPt^e UgrU) inhabits the Asiado oondnent, and is 
eq^eoially abundant in S^dostan. He is nocturnal in his habits, 
and during day generally lies asleep in some shady spot, 
gorged with his last meal* He freqne^ the neighbourhood 
of springs and the banks of riverSt whm the weate animals, 
forced by the soorohing heats of the tropics, seek coolness and 
drink. The skin is a bright tawny yellow, shaded into pure 
white beneath the body, and beaudfnlly marked with dark 
muds and stripes. It is used to cover die seats of justice in 
Ohma, and is also emi^oyed for rugs snd mats. Prom 200 to 
850 dger-skins are annually import^ into the United Riiigdom. 

^ lieoiMird (FeUe lecmar<ftM, Cuvl[er),*---ThiB animal is found 
in Afaiea nwl Tudia i Itinhidfits the ds^q^ recesses of theforesi^ 


^ annually sent over to tbis 
. ' Country uy Ckmqpany. 

The Holland the ost 

is bred for its fur, led m fish, snd carefully tended until 
it arrives at perfecti^^ '^4 is^rt ananally 20,000 oat-akixis, 
: and die Engfish ftdsmarkeialso receives a oonsiderable quantity 
home. The cads ikin makes an excellent rubber for 
i:riieririoa<l m and is also used for sleigh coverings, rail- 

The^tk^^ (IntiUi cotUs, a dog) forms the next 

group cl IN^iimgrade and includes dogs, wolves, enlx 

foxes. The diffarriiit yarietieB of dog are supposed by some 
natozmlistB to have been derived from the wolf. The common 
dog (OamB fcmiUair%8f L.) is distinguished from the wolf and 
jarical by its recurred tail ; but the species vary very much in 
siae^ form, and the colour and quality of hair. In most col- 
leodons cd fur a lew dog-skins will be found, although there 
is no regular trade in them. 

The Wo\f {Cemis Iwpue, L.) has a valuable skin. This 
once indigenous to this country, but now exterminated, 
etni lingers in the forests of Northern and Southern Europe, 
n.T>ii is pardcnlarly abundant in Russia, North America, and the 
nordiem parts of Asia. From 9,0^ to 10,000 wolf-skins 
are <^tiwn3ly imported ftom Europe, the United States, and 
BritUh North America. They are serviceable for the linings 
of coats and cloaks, for sleigh coverings, and wherever additional 
warmdi is desirable. 

The PmA Foe (Tulpee jkhms). — ^It is not the oopimxm Europesh 
fox ^t is found in die furriers' shops of this oonntry, but 
Cerent varieties of the American (equally well known for its 
cunning and mischievous attacks on the p^try-yard). The fox 
is easily disdngnished by its long, sharp nose and bushy taiL 
Foxes have been formed by spedogists into a distinct gronp 
amongst the Camdee, or dogs, on the ground that the pupil of 
their eye is vertical, whilst in the dog it is droular. The tail 
of the fox is longer and more bndiy, m head broader and more 
pointed in die mussle, and its gait and attitude crouching. The 
red fox of America is ferruginous in colonr, and strongly re- 
sembles the fox of Europe. About 8,000 skins are anni^y 
imported into BngUmd, most of them to be re-exported, chiefly 
in^ die navkets^ Turkey. 

The Croee Fern CVukgee deetiss<riK#).^This is probably only a 
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as 


wMj of the red fox. It ia diil^ngnished by a blaok oroea on 
the neok and idionldera) and is a S^th Ameidoan aniroal. Its 
aHii is Tibousblei eelHtiflr for iB4 or £5. 

The ArcHo Fosb (Fu^pst lagopM). — This animal is vezy oom* 
mon within the Arotio elrole, and exhibits in a remarkable 
maimer that mutation of ooloor whioh polar animals nndori^ 
with the change 6t the seasons. In winter it is a pure white ; 
in summer a dorsal line of a darker colour is obsorrable, with 
transverse stripes upon the idionldeM. This oiroumstanoe has 
led to its being mistaken for the oroes fox. Late in autumn 
these animaia ooUeot in rast numbers on the shores of Hudson's 
Bay, and migrate southward, returning early in the following 
luting along the sea-ooast to the northward. The southern 
SMt ef their migrations in Korth America ia 50^ north latitude. 
The Arctic fox is very cleanly in its hshits, rery unsuspioioas, 
and easily snared. There is a dark rariety known as the sooty 
or blue fox (Vulpei fviUginowm), Both the blue and the white 


otter, and wolTmine. These animals, from timir paanliiv 
appearance and habits, haye been called Termiform qiiadra* 
peds. They are distinguished by the length and slender- 
ness of their bodies, which enable them to wind like worms 
into yery 'small openings and oreyioes, whither they easily 
follow the smaller mammalia and birds on which t^ prsy. 
Seyeral of them^ as the polecat, emit a yery offensiye o&nri 
nerertheless, tb^ yield the most costly and highly-prised d 
our fors. 

The Ermme (Muateld erminea), — ^This, the most interesting 
species of the weasel family, resembles the oommon English 
weasel, and inhabits Siberia, Bossia, Norway, and Sweden* In 
winter it is olothed by Nature with a fur as white as the snow 
whioh then oovers the ground, and is thus rendered inyisible to 
ite numerous enemies ; in summer its garb ohanges to a dingy 
brown. 

The white fur of the ermine is highly esteemed. It is the 



TBX BtrSSZAN SABIiX (XtJSTXLA ZZBBLLtKA). 


.iJkixui are imported in oonaiderable quantities, but they do not 
fetdh so high a prioe in the .Wngihih market as the skins of the 
red foot 

Th4 Mack or Silver Foss (Fu^et argeatatue ), — ^This species 
is distinguished from the others by its intensely black fur, 
^hkh is intermingled with silyery hairs, and has a white 
spot at the end of the tail* It is a natiye of the northern 
parts of the Ameriosn continent. An vmusnally fine skin of 
one of these animals has bemi sold in Lmidon for JSIOO. The 
impsadal pelisse of the Emperor of Bustia, made of the blaok 
ne^ of the silyer fox (exhibited at Hyde Bark, in 1851), was 
ydned at il8,500.“ 

(Fulpes OosscmO. — ^T his fox inhabits the vast 
plahm d Tsrtary. Its skin, which is of a clear fermginouB- 
yellow oolonr, is much prised in Bussia and Turkey. Not 
fewer than from 4U1,000 to 50,000 ci tiiese are annmdly 

taken and sold* 

The FamBy IftJBTXLiDJB (Latin, wmtela, a weasel) forms 
the last gnronp of Higitigrade Camiyora whose skins supply onr 
lor Bsarkets* This family indtndes tha table, polecat, weaael, 


royal for of England, and of the sorereignB .end emperors of 
Europe. The Pope and his cardinals haTe their eodesiastioal 
robes adorned wi^ capes and trimmings of ermine, aoeording 
to tixelr rank. The tsB alone of the ermine is jet blaok, and 
this is inserted at intervals into the prepured furs as an 
ornament. 

** In England there is now no restriction on the wearing of 
this fur, but in the reign of Edward HI. it was forbidden to ell 
but the royal family, and a similar prohibition still exists in 
Austria. Tliere is, Imweyor, a <diaraoteristio distinction made 
in the mode of ornamenting the fcur eixq;>1oyed on state oooa- 
sions, aooordihg as it is worn by the sovereign, or by peers, 
peeresses, jndgm, etc. The sovereign and royal far^y oan 
alone wear ermine trimmings in whioh the far is epotted all 
over with blaok-^ spot in abont every square inch of the 
fur. These epots are not formed of the tail of tiie ermine, 
but of the paws of the black Aetraieaii lamb. The oroWn is 
also adorned with a band of ermihe with a single tow of 
spots. Peeresses wear capes of ermine, in which the spots are 
anaaged in rows, the anmber ef rows denoting their dsgreM 
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of Fmm wmt xobM soMlet eloth» kimmdd with 

pm white ern^ne without agoj epo^. But the number of 
rowe« or bure of puie ermine, in thie cm aleo denctee the 
nu^. The fbbea of Judgee are ulao acarlet end pure white 
ermine.”* The aambw of ermine akine annually Impoited ia 
upwarda of 100,000, and of theae TCiy few are exported. 
The fur of the ennine ia manufactured into ladiea* mufEa, 
tiippeta, trimminga, and linings. 

Biwaian 8abU (Muttela ZihelUna), — ^This is the next 
fur io ermine in ralue and in general use. The animal which 
Jidda it livea in wilds of SibeHa, and ia hunted in the 
depths of winter* whim its fur is most valuable. The fur ia 
brown, with aome gnj spots on the head. The darkest in 
oolonr are the beat. The akina are amaU, but they are aold 
at prioea varying from three to ten ^ndneaa. Not much more 
thim 2,000 of theae valuable fura are received in England, 
beoauae so much prised in Buasia, where about 26,000 akina 
are annually collected. 

This fur is usually manufactured into linings, aometunes 
valued aa high aa 1,000 guineas. The Lord Mayor, aldermen, 
and aheriffa of the City of London have their robea and gowns 
lined with Buaaian sable, according to their reapectlve ranks. 


206,000 marten skins were imported. Of theee the greater 
number belonged to this apeoiea. 

Folecttt {Muatela putorius) is common throughout Europe. 
It ia vesy deatructive in the poultry-yard, and very courageoua. 
Its flexibility is so great, that when seised improperly by a 
terrier, or not griped in the right place, it will tom and faam 
on the dog, so aa to prevent further attack. This has a 

soft black fur, with a rich yellow ground. The natural odour of 
the fur is unpleasant, bat in preparing it processes are adopted 
which effect Its removal • 150,000 to 200,000 of these are 
annually sold in the London fur markets. The finest are ob- 
tained in Scotland. More than 25,000 are exported yearly 
this country to America, where the fur ia much sought after. 

The Pine Marten {Mustela ahietumt Bay) is found abundantlj 
in the foreata of Northern Europe and America. It shuns the 
habitationB of man, and preys on birds and the animala 

— ^mioe and hares. When its retreat ia out off, it ehowa its 
teeth, sots up its hair, arches its back, and hisses like a cat. 
Upwards of 100,000 pine marten skins are annually imported 
into England from the territories of the Hudson’s Bay Company 
and Canada. 

The Beech Marten {Mustela Foina). — ^Thia has a white 



mJSTSIJL XBMIWBA AND WaVSMUL VX7I<aABIB IN WXNTXB. 


Hie taila of Bidbles are used in the manufacture of artista* 
penoilB a]^ brushes. 

The Mina {MueUHa vieon). — ^This animal is a xiative of North 
w^oa, and its skin oomes to us principally through the 
Hudson’s Bay Company. In the month of March this Company 
holds annually, in London, a public fur side, which attracts 
p®** of foreigners. Throng them the fura destined 

^^ontinent find their way to Leipaio, whence they are 
wtnrated throughout Europe. The fur of the minx resembles 
we sable ^ oolour, but ia oouBiderebly shorter and more glossy. 
It is much used for ladies’ wear, and is made into viotorines, 
moal^ muffs, etc. In a single year, the number of sldns of 
this little a nim a l received in this country have amounted to a 
<5^jwter of a mUlion* Hieir price varies from ten to fifteen 
*"Piooo. When this skin is of a silver-grey oolour, it is 
addifa onally valuable. A muff made of six of such hkins is 
worth tweniy-five gnkisM* 

The American Sable (Muetela lenoapm), — ^The for of this 
wimm v^es from a tawny Cffionr to a deep black. The animal 
is known by its white feet. Hie for is much worn in 
JSngland, and ia made into cnffh, muffs, and boas. In 1856, 

^•^CycJojma^ j^Ubsrles Tomliiisou. Vol. L, 


throat, and is thus distinguished from the pine marian, the 
throat of which is yellow. It is found in wo^ and forests in 
Northern Europe, but nearer the habitations of man than the 
pine marten. It is impcurted in considerable quantities from 
the north of Europe, and its fur is dyed to imitate sable. 

The Stone Ma/rten (Muetela eaaorum), — This animal is dis- 
tributed throughout Europe. Its under fur is bluish-white, 
with the top hairs a dark brown ; its throat a pure white, by 
which it is generally distinguished. The French excel in tiie 
art of dyeing this f^, and for that reason it is frequently sold 
under the name of Ifrenoh sable. 

The Tartar SabU {Muetela Siberiea), — ^Hiis little animal 's 
caught in the northern parts Cf Buasia and Siberia. The fur ia 
bright yellow, the oolour being remarkably uniform all over the 
bo(^. The skin is used both la its natural state and dyed ; the 
tail is employed for artists’ pendLs. In 1856 we imported as 
many as 70,000 skins of this animal. 

The Wocdshock, or Pekan {Muetela Cemadeneie), — ^The pekan 
inhabits North America, and is also called Hudson’s ^Bay 
Sable. As the natural oolour of this skin is much lighter 
than the prevailing taste, it is dyed of a darker hue. Thus 
treated, it is scarcely inferior to the Buaaian sable, which it 
is intended to imitate. We fmport annually about 18,000 of 
theae akini. 
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BUILDIISTG CONSTBUOTIOK— II. 

SCALES. 

It baa already been wdd that block plans, derationi, etc., 
are drawings which show the whole property, bnilding, or 
machine, and that wcnrkix^ drawings axe exeonM oi a larger, 
in IhGtt sometimes of the else of each portion, so as to g^de 
the workman. j 

Now it will be clearly understood that although the drawing 
may be mnoh smaller than the object it represents, it must, for 
any useful purpose, have all its pa^ in proper proportion ; and 
not oxily this, but the drawing must be made in such a manner 
that it may at once be erid^t what the true sine woold be. 
Hds is oslled ^e ** scale.’* 

TO OONSTBXrOT ▲ PLAIK SOALS. 

Let it be required to construct a scale of 1 inch to the foot, 
^nds has been taken for the first example, owing to its great 
simplioity ; for it will be at once underst<^ that a 12-inch mle 
win represent 12 /set, and therefore the drawing executed on 
this scale will be one^weyth M of the real sise. This is called 
the repreaeniatwe fraction. Draw a line of any length, and 
mark on it sereral inches. Mark the left-hand end of the line 
0, the first space 1, and so on. This, howerer, only gires feet ; 
it is necessary, therefore, to dirido the inches into twelf^,** 
and then each twelfth will represent an inch of the real 
measurement. It will be obrions that the same principle will 
apply to the construction of soides, whatewer the representatiTe 
friMtion may be ; thus — 

TO OOKSTBUCT A 80ALB OT 

that is, one of one^tenth of an inch to the foot ; because tha^ 
are 10 tenths in an^ inch, and 12 inches in a foot. Draw A 
line of indefinite length, and mark pft on it ai^ number of 
tenths of an inch j ^ese will represent feet. It* is not neoea* 
sary to figure every dfrision, nor to cany them beyond 10 
feet in single feet; after that they may tw madred ia 5ifeet 
lengths. , • . ^ 

Of oonrse, on such a small scale 
be required ; it is only xmceiiCwa^i therefore, to dMde <^0 of' 
the tenths into four parts, eaoih vhioh will represent thrse 
inches. The detail wonld then be drawn on a larger aoale, ae ; 
already explained. . ; ‘ ’ 

OENEBAL PEINOIPLES OE Btad^IS^G 
The term cwnstrucUon, aa 

understood to mean fo^eai^ ratiM than Its db ject | 
being the adaptation of such materials as ase imoirt fitted for 
the purpose intended, and the art of the oonstrCotor being 
devoted to oombining them so as to ensure permanency and 
stability. 

If an upright wall be properly oonstrooted upon a sufficient 
foundation, the combined mass will retain its position, and bear 
pressure iu Hie dWeetion of gravity to any extent that the 
ground on which it stands and the component materials ctf the 
wall can sustain. The aim of the constructor then must be, 
first, to secure a firm basis on which the fabric is to rest, and 
secondly, so to dispose his structure, and so to combine aU the 
piurts, ^t the whole pressure may act in, the required direc- 
tion t for instance, when a building is to be roofed, the raftm, 
if butting mer^ on the top of ti^e walls and meeting at the 
ridge, would of oonrse be liable to press the widl outwa^ The 
eonstrootor, therefore, designs a truss” in a manner best 
adapted to Hie particular case. A truss consists, in the first 
plaoe, of a tie-beam, which is a steong piece of timber. The 
lower ends of the rafters are mortised into this, and their upper 
ends are inserted into the top of an upright piece call^ a 
which, acting as a keystone of an arch, keeps the 
raftom in their plaoea > yl^t their lower enda, being inaerted 
Into the tie-beam, cannot spread ontward. A firm triangular 
asaemblage of tbabera la thus formed, and n^en Hiis is raised 
to its place on the waDs, there ia not any pressure outward, tl^ 
entire irsdidit bearing verHeatly, that Is, in the direothm in 
the wan is best oahralaM to bear it ; aa^ ehoidd the 
design 4^ ^e bmiding not permit of the introdnotion of the tie- 
beam, the Constmotor applies bnttreases outsit the waQs, to 

♦ To diWde a ^ tnto any number of equal paxls, sse •• Lsssona on 
PrioHoftl Geometry,” psge 61 


enable them to resist the throat oauaed by the weight of the 
roof. The munerons ways in which soien^o oonstructioii is 
praotioally apjdied in building, win be exemplified aooording to 
the requirements cl the different materials treated of ih the 
following pageai and we will proceed, in the first plaoe, to 
speak of 

* TOITKBATXOKS. 

By the term fewadation is meant — 

1. The Burfim or bed of earth on i^iioh a bolldiag rests} 
and 

2. The manner in which the lower portiems of the bunding 
are constructed so aa to afford the best possible bearing for the 
superstructure. 

Foundatione are spoken of as (1) ntvtwral and (2) 

Although both ^eee terms seem aelf-explanatcoy , it is stiU 
deemed i^visable to refer briefly to their exact signification in 
aocordanoe with the principle adopted in this aeries of papers; 
viz., not to assume any previous knowledge ; and although this 
plmi may be open to the objection that information may be 
supplied which many students have already* acquired, yet this 
is by far safer than that any one who may be totally u^amed 
on ‘^e subject should seek informaticn in these pages and be 
disappointed. 

A natwral foundation, then, is snoh aa will be found where the 
site is underlaid by a solid rook, or any kind of inoompressible, 
resisting substances, free from water. Of course this must 
depend entirely on Hie locality ; and it must be borne in mind 
that it is not so important ^lat the ground should be per- 
fectly rood^ and hard, as that it should be compact and of 
sxmihtt oonkstenoe thronghont ; it is not so neoessary that it 
ihonld be absolutely unyielding as that it should yield equally 
Hxroughout. 

Ar^lcial foundaHons are such as are conetructed so as to 
render Hie ground, which is too soft to bear the building, fitted 
for the purpose required. Of course the means adopted must 
depei^ on the sStnation, the nature of the soil, the character or 
^p6j!p0se of the building, eto. ; and some of the methods mostly 
,b^ here desozibed and illustrated. 

Bad foundations have been the cause of the ruin of many 
mb^knm buildings. I^s has arisen from the oosHy nature of 
in making good the site, when the soil ia not naturally 
l^tiible. But it ia clear that the saving of the first expense is 
aia uBwise eoonomy, as the entire stabili^ of the superstruotore 
necossarily depend on the firmness of the foundation. 

T!he first process in connection with laying the foundations is 
sinking the trenches in which the bases of Ihe walls, eto., are to 
rest, and in digging out the hollows for cellars, eto. This ia 
oall^ the esecwaiicn. 

If the surface be found to be perfeoHy rooky, or to consist of 
a graveUj soil embedded with stone, it beoomos a good natural 
foundation when it ^has been reduced to a level. If the soil 
prove generally firm, the looser parts, if not very deep, may be 
dug up until a solid bed be ieaohed, and the hollow may then be 
filled up with broken stones and oonorete ; if the soil be not 
very loose, it may be made good by ramming into it largo 
stones, olosoly packed together, or dry brick rubbish widely 
spread ; but i£ the ground be very ba^ it must be piled and 
planked, or covered with a bed of oonorete, according to the 
oiroumstanees. 

In a build^ to be erected on % slanting site, the foundation 
must rise with the inclination of the ground, which must be 

benched out ** — that is, out into a series of broad steps } this 
will ensnze a firm bed for the conrses, and prevent them from 
sliding, as they would be likely to do if built on an indined 
plane. 

When a good hard foundation is easily aooesilble, as solid 
gravel, chalk, or rock, we have nothing to do Imt to excavate 
the surfaoe mould to Hie sound bottom, and bnild at once, first 
putting in Hie ** footings,” iHiioh are <me or more courses form- 
ing a sort of steps, ei^ projecting a little beyond the other. 
These footings w^ be refez^ to and inustrated further on. 
On hard ground, one oourse of masonry, about hall as wide 
again as ike wall, is ample, but of course this must di^iend on 
the discretkin of the srddt^ The rule, however, must 
always guide the builder, is that the broader the base the sate 
the oonstruotion, and therefore the softer the ground, the wider 
it wifi be aeoes eat y. to spreud the foundation ; nad thus on 
sdfter ground, in many oases, fobbings have been employed 



Mnxj>iNQ ooirsmiTcmoir. 


not eaty dotiU* tlie widlili at til* wnU, tat ot«& 

ntoipd* 

Bat the mTestion, or rathor the ro-introdtioaon of ooniiretei 
hM altered macSi ot the Bystem formerly adopted. When the 
ffroiud i* a deep olay, the building material, be it what it may, 
ehoold go so deep as not to be influenced by changes of tem- 
peratore or the rising or falling of springs, as the altornato 
oT swcUing of thc ground must affect the stab^ty of 
^e building. It has been satisfactorily prored that in this 
eonniay frost seldom penetrates beyond a foot into the ground, 
but in clayey soils, cracks and flssi]^, caused by the drying of 
the ground, frequently extend to the depth of two or three feet. 
Under such circumstanoes the bases of the foundation should be 
below such lereh If the ground bo springy, it should be 
drained, if possible; if not, a foundation must be laid with 
concrete as low as the lowest level of the water, or, if very deep 
and boggy, piles must be used. The plan of building on sleepera 
or plaidcing has now been almost entirely discarded ; for experi- 
ence has shown that timber, where exposed to alternations of 
wet and dry, soon rots, and is liable to be crushed, thus allow- 
ing the walls to sink. Wbore the ground is wet at one time 
and dry at another, the best timber soon decays, and therefore 
piles used in supporting buildings- should, where possible, be so 
placed as not to bo liable to such alternations. 

The use of concrete, except under very peculiar eirouinstanoes, 
baa entirely superseded all other substanoos used in arUfloial or 
semi-artifioial foundations. Concrete may be defined as a sort 
of rough masonry, composed of broken pieces of stone or gravel, 
not laid by hand, but thrown at random into the tr^nohes, 
cemented t^ether with lime in various ways, and thoroughly 
mixed with it before it is thrown in. 

In England, the lime is generally ground, and mixed, when 
hot, with the stones. In Franoe, however, the lime is first made 
into a paste, and the mixture is called bdton, B^ton has been 
muoh used in foundations of breakwaters, bridges, eto., as it 
has the property of hardening under water. Ibe use of 
this oomposition is of very anolent date, and many examples 
•of its use by the Bomana still remain to us on the coast 
of Italy ; it is supposed to be the Signinum opus men- 
tioned by Vitruvius,* It was in very common use in the 
Middle .^ea, walls, and even orohea, having been frequently 
made of it. Smoatonf states that he was induced to use 
it from his observation of the ruins of Corfe Castle,^ in 
Dorsetshire. 

Dance, the architect ^of Newgate Prison, employed a sort of 
concrete in rebuilding that struoture in 1770-78. The site of 
part of the new building was a deep bog, and it was rendered 
available by shooting a quantity of broken brioks into the holes, 
mixed with ooeasional loads of mortar, in proportion of 4 to 
1, and suffering them to find their bed. 


• Vitrayins, Maroua, a celebrated Boman architect, who was bon 
about 80 B.c, He received a liberal education, and pursued thos< 
•todies which were calculated to ftt him for the profession of ax 
engineer and architect, and was engaged In the Boman army ai 
irapexintendent of military engines. He wrote a work called “ 1)4 
■Arohiteoturo,** in ten books, treating of the different bxanohes o: 
arohiteoture and civil engineering. 

t Bmeatoi^ John, an eminent civil enghiser, was bom at Austhorpe 
near Leeds, in 1724, and early showed a bmt towards meohuii^ 
pnrsnits. In 1755, an event occurred which was to afford him th< 
opportunity erf reaching the very summit of his profession. Th< 
sec<^ wooden lighthouse which had been erected on Eddystone rool 
(whim m one of a group of rooks daily submerged by tbe tide, 
sitimted in the English Channel, nine milea off the Comiifix coast) wai 
CMstrcyed by Are. The speedy re-erection of another beacon was oA 
utmost importance, and the execution of the work was entrusted 
TO Sma^m Tba new Bghthouss was hunt of . stone. The enttiag ol 
™ foundation commenced In 1758; the building wai 

mouM between June, 1757, and Ootdber, ITW; and the liteterx 
Ootohercl that yea;r. A new Ughihoqse wai 
wotrt on the Eddystone in 1870-88, the satages of the sea havinfi 
mnd^ the fowndations of SiBeatoa*a great work inseeure. 

»Md3eofavtIlage,towli|*ailtglvealti 
SiSL ^ vlcWty ore stone ^marUe quarries, ifisy works, ane 
founded ia .the tenth century, and was Icni 

“?*»!** Biwd,. «>o«» ...D. ttJ 


Any haird sabstanoe, broken into email pieces, will serve for 
the solid part of oonorete. That s^ost used is gravel or ballast. 
This should not be sifted too fine, as the sand wbieh is left will 
mix with the lime, and form a sc^ of mortar, and to assist to 
oement the stones together. If broken stones or maeons* chips 
are used, it is well to mix some sharp sand with ihmii. 
general rule is, that no piece shonld exceed a hen’s egg in sise. 

ooimtry, the lime is generally ground, and used hot. It 
is mixed with ^e ballast by scattering it amongst the stones, 
and taming them over with a ahovel, water bmng at the same 
time thrown upon the mass. It is then immediately filled into 
tbe trenches. This has sometimes been done by shootiiig it 
from stages erected for the purpose. This practice has, l^yw- 
ever, been muoh and justly censured by the greatest engineers ; 
the proper method being to put the oonorete down in layers of 
about one foot in thickness, to level each course, and ram it 
well down. In support of this plan we may quote the words of 
Mr. deoige Burnell, O.E. (on Umes, concretes, and cements) : 
** In almost every work upon the of oonstruction we me^ 
with desoriptionB of modes of making concrete. It is, however, 
very disoooraging to observe that, in spite of all that may be 
said, the minority of arohiteots and engineers treat the matter 
with such utter indifference that the old imperfeot systems ore 
still retained, and the conduct of these works is left almost 
invariably to some ruleof-thumb workman, who only knows 
that he has been accustomed to make oonorete in a , certain 
manner, without knowing any one of the principles which 
regrulate the action of the materials ho works with. We thus 
find that the bulk of the oonorete made in and near London, 
where the building art ought to be the most advanced, is made 
simply by turning over the ground stone-lime, a very moderately 
hydn^o one, by the way,* amongst the gravel. It is then 
put into barrows and shot down from a stage. Such a mode of 
proceeding is rapid and economical, but it is eminently on- 
soientifio, leading, doubtlessly, to the waste of material we so 
often witness ; for the practice is to make the concrete about 
one-third thicker than would be at aU necessary if the process 
of making it were more perfect. It cannot be too often 
repeated, that the first condition necessary to obtain a good 
oonorete or 6^fon, is that the lime should be brought to the 
state of a perfect liydrate,t before being mixed with &e nuclei]; 
which it is to surround. It shonld, the^ore, be reduced to the 
state of a thick paste, and made into a mortar, before it is 
mingled with the gravel. Instead of being thrown down from a 
height, and left to arrange itself as it best may, it should be 
wheeled in on a level, and beaten with a rammer ; for we find 
that when thrown thus from a height the materials separate, 
and the bottom parts of a thick bed of concrete are without the 
proper proportion of lime. Tho advantage of making the lime 
into mortar previously, is that it fills in a muoh more perfect 
manner Ike intervals of the gravel or stones, and, in fa^ 
renders the oonorete what it is meant to be, an imperfect spedea 
of rubble mason^.” 

Where the soil oonaista of running sand or soft clay, the area 
of the foundaiion must be enclosed by sheet piling. This con- 
sists of piles driven close to each other, so as to form a wall 
which encloses the soil, and prevents the softer portion from 
spreading out under the superinoumbont weight of the building. 
Sometimes as much as possible of the soft matter is remov^ 
and replaced by or oonorete, the heads of tho piles sawn 
off level, and a kind of wooden platform built on this support. 
In other oases piles may be driven in at certain distances apart 
over the entire area enclosed by the sheet piling, the spaces 
between these piles being filled in with stones or oonorete, and 
a solid flooring oonstruot^ on this foundation. 

It may be remsarked that oonorete is now used in making the 
waUs of buildhxgs as well as their foundations, the walls being 
rah^ about one or two feet at a time by thorowing oonorete 
into a frame-work or box formed of iron plates, which is raised 
hem time to time as often as is necessary until the wall has 
bemi built up to the heii^t required. 

* ByhavUe lime is suih as possosses the quality of settliig or 
hardeuiug under water. 

t Syd^aUe ere suhatanees in wMoh a definita quantity of water Is 
oh^eally oornMnid with a definite quantitr of aome other eou- 
•tituent. ■ 

% BuM, plural of atwIetH, a substance, however small, which forms 
a oantre armmd which other matters gathsu 



THB !CB(«mOAL SBU0A170E. 


PROJECTION.— III. 

PBOJECTXOK OB PBISM8- SECmCKS. 

A, PBI8V has already been defined to be a solid in'liose opposite 
ends are equal and similar plane figures, and 'wIk/ho sides unitizig 
the ends are parallelograms. It will be olear, then, that the 
lessons prerioas]^ given are but stepping-stones to the present, 
and we can therefore at onoe proceed to 

pKOjnonoK OP pbibhs. 

To Preset a Square Prism, — Width of side 4 inch, lengUi 14 
(or 1*6) inch. The 
prism Is in this les- 
son plaoed so that 
its is vertioal, 
and its long faces 
are at 45^ to the 
vertioal plane. 

Draw the square, 

Fig. 21, which is the 
plan of the prism, 
its sides being at 
45<> to the inter, 
eeoting line; per- 
pendiculars drawn j 
Iroin the angles 
win give the edges 
ol &e elevatiosi, 
which are to be 
terminated by an 
horieontal li^ at 
14 inch from the 

Fig. 22.— It is 
now required to 
draw the Elevation 
and plan when the 
axis, althongh re- 


clined, the plan, which was pxevionidy » point, beoaones a Und. 
the length ^ whioh inoreases as the object approachee the hori- 
lontal. (SeeP^. 4.) 

But although the position of the lines is altered, as far as 
their rdatiem to the horizontal plane is oonoemed, they still 
remain parallel to the vertical plane ; and if the ey^ were 
plaoed immediately over the objeot, tiie widths across from the 
front to the baok would be seen to be the same throughout the 
motion. Therefore, from the angles of the plan of Fig. 21 draw 
horisontol lines, whioh will give the widths of the two upper 




Fig. 26 


Fig. 24. 


maining parallel to tiie vertical, is at 35*^ to the horizontal 
idMe. Now it will be evident that as far as the elevation is 
^pdnoemed, it will merely be altered in potifion, not in /cm, which 
^a^ is effeoted by aUowing the object to rest on one angle of 
Ihe base, and continuing the motion until one edge of the eleva- 
tico (the edges being parallel to the aads) is Wt 64^ to the hoti- 
aosm plane. It will therefore onlgr be neoesiary to copy the 
ptfvmtM elevation, inolinmg it at the required angle. TIds 
mot^ however, whilst causing so slight an alteration in the 
elevation, causes an entire change in the plan ; for whilst in the 
first potitioh the plans of the edges were mere powits^see Fig. 1), 
which united form the base, the square of the top bshtg 
diately over this, as in a line plaoed vertioslly, the upper extre- 
odty is directly over the lower; but the mcmi^ the line Is in- 


sides ; the two under 
them, being the 
same, will be hid- 
den by them. The 
length of the dia- 
gonal of the top 
and bottom, which 
is at right angles to 
the vertioal plane, 
thus remains unal- 
tered, but the dk- 
gonal whioh is m- 
olined will neces- 
sarily become short- 
ened. This will be 
L seen in oontihuing 
the projeotion ^ 
theidan. Drawper- 
pendioularsfromthe 

, / ; ^ , w two extremities of 

j.— . the line whiohia the 

NT" { ^ edge elevation of 

the end, to out the 
middle line of tte 
j three horizontala 

previous^ drawn in 

I the lower jdane. From the middle point of tiie edge elevation 
then dtaw a perpendicular which out the two outer hori- 
aontil linee, and thus four points will be obtained, and these 
united will give the Icsengs, whioh is the plan of the sfuore end 
when intiined. (Befer to fig, 14.) The lower end of the prism 
wiE be obtsaned in a simflsar manner^ 

Fig. 23.— It is now required that the obijeot shall be rotated 
on its soUd hngle, so tiiat the axis shall be at a eompowid angle 
— tiiat It, it not only be obliquely plaoed in xdition to tiie 

heriiontali but to the vertioal pls^ This bperatipn has been 
tiiown in 1^. 5, and it is thsr^kre on^neoessary to remind the 
student that, so long as the inoEnation of a line in relation to 
the horisontid jdane is nol alisead, no ohange but that of peti- 
tion win ooenr k the plkn i for, howmv much the ohjaoi ncy 
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be xetttted the lesigth of the qpeoe it Qraribaage 

will not. be' extended, nor wiU the heigkU of anj of the pobiti be 
altered; and tbia knowledge i» the key to the projection of 
Bg. 28. 

Flaoe the |dan of 22 «o that iijfl axie and the edges 
parallel to it are at 45^ to the interseoting line, then from each 
point in the plan raise perpendioalars, and interaeot them by 
horiaontals drawn from ^e oorresponding angles in the eleva- 
tion of 1^. 22. Join the points so obtained, and the reenlt will 
^ the form shown in the upper projection of Fig. 28. 



to that of the aeotion-line, and the width, a o, as in the last 
dgnze. 

In Fig. 26 the section-plane passes from a line oonnMi^ 
the middle pointe of two f^aoent edges of the top, to a similar 
line on the two opposite edges of the base. The widih of tho 
section at its mid^ will be equal to the diagonal a c, and at the 
top and bottom it wiU be equal io gh. It is nsnal to oover 
sections with lines at 45^ to their central line. 

Fig. 27 is the plan and eleTation of a square prism, sim i l a r te 
that which form^ the subject of the last exoroise. Now if this 

be made of wood, 
and out so that the 
section passes 
through the axis at 
45S i^apin, e,be 
fixed in the oentre 
of the section, at 
right angles to its 
eurfaoe, the upper 
portion may be ro- 
tated on the pin, so 
that the short line 
(a) will move to b, 
and be at right 
angles to it, and 
tho object wHd be 
represented by the 
elevation and plan 
in Fig. 28. 

Fig. 29 is the de- 
velopment, which 
will show how a 
metal plate may be 
out without waste, 
so as to make a 
square pipe to turn 
a comer, or form 


SBCTIOKS. 

Fig. 24 is the 
plan and elevation 
of the square prism 
forming the subject 
of the last exeroiBe. 
It is required to find 
the true shape of a 
section or cutting, 
oonsed by a plane 
passing through the 
prism in the direc- 
tion of the line a d. 
This plane of sec- 
tion would out 
through the dia- 
gonal a c of the top, 
and the angle d of 
the bottom. !Draw 
the dotted lines a c 
and d d' at right 
angles to the line of 
section, and at any 
part dmw d' e pa- 
raJlelto a d. Kow 
it will be evident 
that this wfil be 








gtmtMt Wh Of aw aeoMon, and awt aw widtii wiU be 
OTMohaMeof a; batwhawP How wide wiU ate 
•ocAon be f Theae ace qneationa wbioh ate atoaent wiU do 
waU to aak bimaeU. 

Now it u olea* that in paaria, ainm«h a e, the aaeaeo-line 
TOta ^ ob,ert in ate widaat pact; tberefoM, if the a(,e be 
o^ed J^^aintheefcr»t4onto« « in the pbui,itwiH 
ta eara i^t tte leal width on eaidi aide of the oentre a ia aa 
end a a ; tb^ora, a theae 3aB»fta be aet off on a«h ade of a in 
^ a^on.^, Md aiopeiata Idaedto d', awn • « dT idB be 
the true section. 


* seation-pkns ps ps b i from one sufle of tb 

sngls ei the bot|i^ cutting through th 
middle of tbs two edges. The Iwsgtli wiU of course be equi 


aa elbow. The true section is shown in Fig. 80, its length 
being equal to de, and its width to /y. 

Fig. 81 shows the plan and elevution of a piece of a square 
wooden pipe, when the plane of the section, instead of passing 
from angle to angle, ae in the last figure, passes from side to 
side, so that the si^on will be a rectangle, the length of which 
will be equal to e d, and the width to ef, instead of a lozenge 
form, as in the formeroaee. 

Here, too, the upper portion may be rotated on a oentre, so 
se to join in a right edsgm. 

Fig. 82 is a projeohlou of the object when placed at an angle 
to the vertloal plew. 

Fig. 88 is the devidopmeni, with the shape of the section 
attached. It will be seen tiiat this form will give both parte of 
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the ^bjeelSi the only dilfeveBee being that in the portion formed 
by the fine lines the joint or seam 'wiil be in one of the edgee at 
tiie hodb, whilst in the other it will be in the 
¥ig. 84 shows how this form is applied in eonstmoting a 
oommon sheet-iron ooal-soattie, the lid being the oovering of 
the section. 


TEOHNIGAL EDUCATION AT HOME AND 
ABROAD. 

xi,«-oir vmm adyaittages of technical instbuction 

TO WOBKinilN. 

BT PHILIP XAomre. 

Tkib chhngoin the conditions of production zefeRed to in the 
preceding article has wrought a corresponding change in the 
ohariMster of the education which all classes of producers now 
need. The ability to read, write, and reckon, although the 
necessary preliminaries of all education, is not sufficient pre- 
paration for a skilled artisan. He most know how to draw, 
and he must also know the elements of science in order that he 
may understand the applications of scienoe to the trade in which 
he is^engaged. In the workshop of a lar^ factory an ap- 
prentice has now little opportanity of obtsLung any explana- 
tion of the processes he sees being carried on around him, and 
without this loiowledge he has little chance of adyanoing his 
own position, or of effecting any improyement in the maohinexy 
ha uses diu^. 

At the same time, it is only in the actual workshop that he 
can be brought under the influence of those yarions conditions 
which combine to make an industry snooessfol. Nowhere else 
can he be made to realise the importaaoe of time as an element 
of production ; nowhere else has he the opportunity of seeing 
the laat and newest machinery in use ; and it is only in the 
aetttsl workshop that he disooyers the necessity of precision and 
accuracy, and is able by contact with other workmen, combining 
to the same end, to learn the discipline and habits which are 
ossentisl to the production of good work. But the workshop 
alone does not afford a sufficient or a ooi^lete training to 
the artisan who is desirous of adyanoing in his career. It 
may create an expert workman, who is capable of exeout- 
^g with nicety and precision the particular piece of work 
on which he may be engaged. In the modm fbotory in 
which the separate parts of a machine are tamed out in 
considerable numbers, the diyision of labour is extended to 
•n(di a dsgrec that men are employed for yea», sometimes for 
their whole liyes, in produoing and finishing some element of 
the machines wHoh hundreds of hands must oo-operate to 
oomplete ; and in this particular branch of work they acquire 
m jB e cSft^>i o »l Bkill that cannot be obtained where work is 
oxscuted on a less extensiye scale, and where the same man 
cannot consequently be so exclnsiyely occupied on the same 
task. In the creation of workmen of sort, teohnioal 
education ayails very little. No amount of preyions training 
can be of much use in prodnoing a workman of this type. 
H^n one stands in a great locomotiye shop, in a shipbnild^ 
or in Wm^ks in which weaving-looms or spinning-mules 
ap;,tnanufactursd in large numbers, and watches the workmen 
wlmbit autom engaged in assisting the yarious labour- 
maohinsa in dsUvei^ng the metal ^ey have shaped, and 
one sees the skill and precision, the res^t of long prance, 
irm Which the man feeds the machine, finishing, adapting, and 
perfecting its work, one feels that no amount of art trainhig or 
^ scienoe teaching would make that mail more oapable of 
, perfozbiing his allotted task, and tiiat teohnioal education must 
count for little as compared with mnsoular strength, oohstant 
practice, obediehoe to orders, sobrieiy, ti rnt w orU tinsss, and 
ether qualities which sducati^ gene^y helps to inoitote, 
bet which it is not the special object of te<dtidoal training to 
ddtiyate. 

Now, it is because we in England hare hifterte been sno- 
cassfid in supplying with machinery the markets of the world, 
and in being able to produce machines of the same kind in 
large munbere,: and consequently of mnplcying to a great 
extent nnsldUed labour in our. works, that maniifiMrtnDtrers 
home have not been forward in adyooating technical education, 
the want of which has of late years been so generally feH by 


our artisan population. It cannot be denied that inepite^ 
our defioieuoy in this respset— dn spite of the fact th^ only 
now tecdmioal schools are being established in London and in 
all our chief manufacturing towns, whilst for years tiiey have 
formed a most important future in the educational mactoery 
of the Continent of Europe — our pre-eminence in the manu- 
ffioture of stationary and iMmotiye engines and of all kinds of 
machines has ramidned unshaken ; and this, notwithstanding 
the heavy duly that has to be paid on tiie import into other 
oountiiea of tiiese goods. And we may be certain that 
so long as English mauuffioturers, relying on the natural 
adyant^es which England possesses in its iron and coal 
fields, are able to undersell their foreign competitors ly 
their own or in neutral markets by employing. . 

labour, they will not be found among the ''c'2 

teohnioal education, or will at most afford feeble assistanoe to 
those who are endeavouring to promote it. Bat there can be 
no donbt that the policy of these manufacturers, who, satisfi^ 
with their past, and, may be, present suooess, have no fears iit6‘ 
the future, is short-sighted in the extreme. There are many 
indnstries, formerly aJmost exolusiyely our own, of which the 
soientifio knowledge and technical skill of the foreigner have 
enabled him partially to dispossess us, and there are some 
important branches of trade which, owing to the superior edu- 
cation of our Continental rivals, have developed exclusively 
abroad, but which might equally well have floorished in our 
own country. It is a noteworthy fact that whilst manufactarezs 
abroad ascribe the success they have obtained largely to the 
influence of the excellent schools which they possess, numbers 
of English manufacturers, when their trade flourishes, speak 
slightingly of the advantage of teohnioal education, and do not 
bestir themselves to establish teohnioal schools until they find 
their market slip away from them through f ore^ enterprise and 
foreign skill. In England, many of the teohnioal scho^ which 
have recently come into existence owe such support as they have 
received from manufacturers to the depression of trade, which 
has seriously affected their profits ; and to a similar cause is due 
the agitation that is now going on in Ireland in favour of 
teohnioal instruction, and the new interest which the manufac- 
turers themselves are showing in its progress. 

A oarefol inquiry into the conditions of snooessfol produotion 
will undoubtedly show the oommeroial advantagres of giving 
teohnioal education to the ordizuury workman employed in large 
factories, such as have been referred to above. For as com- 
petition increases, and facilities of transit plaoe different 
countries more nearly on a level as regards natural resources, 
manufacturers have to study more carefully their markets, and 
to be more intent on adapti^ their goods to the exact require- 
ments of their customers. Change of fashion often necessitates 
change of maohinery, and the advantage frequently Ues with 
those who ara able most readily to avail themselves of some 
new application of fioienoe to the means of production. The 
rapidity with which new ideas can be assimilated and adopted 
by the manufacturer tells greetiy upon his chance of sneoess ; 
and the introduction of new metb^ and of nsfw psooesses often 
neoessitates changes in the character of the work whlcffi has to 
be done by l^e foremen, overseers, and the ordinary workmen. 
It is in this abilil^ to pass easily from one kind of work to 
another that the istelhgent and waU-instruoted artisan is 
found superior to the uneducated and maohine-Uke workman ; 
and as variety in produotion and power of adapting new 
methods are every day beoomuig more necessary in nearly 
every kind of manufacture, the quickness of perception which 
education tends to develop will gradually come to be one of the 
most valuable eharacteristios of our labouring population. 

There axe other advantages in tebhaiea]^ locating the 
ordimuy workman which are likely to be, eve^ year, more ap- 
preciate The conditions of production on a large scale, Ito 
which reference has been ma^, and in consequence of which 
workmen gain a very limited a^ rircumscribed aoquaintanoe 
with the deinila of the mannfaolare in winch they are engaged, 
renders it every day more difikmlt to aelect oompetent foremen 
from the ranit and file of the tekmen. The ordinary hands do 
not get tbe opportnxdty aeqciking that general knowledge of 
various departments of the work in which they axe engaged, nor 
of the atmoture of ihe machinery tin use, a general knowledge 
that is easential to tite fbramatt or overlooker. T^ and 
judgment and power of ttiflaenckig one’s fellowa ioe no loagor 
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qniJifloaldofii lev the e0loie&t f anmait ; jmd heaoetlie 
advimtttge Irosi the iWK^fActiirer’s point of Tiewof ednoating the 
workmen wii^ tlie i^iew of getting from among ii^n the most 
capable and efloieBt to aot aa foremen and overaeera. Ih afford- 
ing this inatmotloni Soienoe and Art dasaea and Teobnioal 
olaaaea, to which attention will be drawn later on, are of inoal- 
colable benefit to ^ trade intereats of tbia coonti^ } but it will 
be pointed oat that more than thia is needed, and that abroad 
facilities for higher inatmotion are offered to lads before they 
enter the works which are either wanting, or exiat on a far more 
restricted scale, in thia ootmtry. 

Bat thia ia by no means all that can be said in favoor of 
giring technical inatmotion to those employed in oar large 
factories. Apart from the general adrant^a which education 
confers upon all peraona, be their occupation what it may, in 
enabUng them to do their work more satisfactorily, it ia well 
knowniwt many of the improTementa that have been effected 
in the machinery in use hare been suggested by workmen 
engaged on that machinezy ,* and there can be little doabt that 
the workman who has made himself maater of the principles of 
mechanics, and who in the erening has had the opportunity of 
discussing with his technical insteotor diffionlties which hare 
occurred to him during the day, but which he has not had tiime 
then to consider, will be far inore likely to help in creating 
new labour-saTing appliances than the untzsined and un- 
instruoted workman, whose want of education prerents him 
from understanding the theory and operation of the oompUoated 
machines to which he acts as a feeder. And we must remember 
that improvements are continually being made in machinery 
which h^p to cheapen productioii, and so, really, to benefit tlm 
working classes who are the principal consumers. It is only a 
few years since that a machine for combing wool was invent^, 
which superseded human labour, and recently the combing 
machine has been so far perfect^ that it ia f^ by automata, 
which do their work with unerring ezaotneaa. The history of 
the Bubatitution of machinery for hand labour in the manu- 
facture of watches ia still more interesting, as showing not only 
the extent to which mechanical applianoea oan take the place 
of ma n ual work, but also the loss trade to Bngland which 
has resulted to a great extent fhnn the aupezior education and 
technical aldU of the Americana and Swiss. 

But the particular sulrantagea now referred to, which the 
trade derirea from the superior intelligenoe of the workmen 
engaged in it, are not nnfrequently regarded as sufficient reason 
for the disfavour with which some manufacturers look 
upon all schemes for the development of teohnioal educa- 
tion. A new invention, it must be remembered, often in- 
volves a considerable outlay of capital in altering and 
adapting existing machinery, which, although it ult^ately 
increases production and cheapens the artioles produced, 
if the demand is adequate, may lessen the immediate profits 
of the manufacturer. Satisfied with the trade he is doing, 
he has no desire to encourage suggestions on the part of 
his ew^hySa, but very much prefers that they shall do the 
work they are paid tp do, and nothing more. A master 
who receives from his loreman or workman a suggestion fora 
new oo&trivanoe, must either adopt it himself, provided after 
trial it is found to suboeed, or allow the inventor to take it | 
elsewbrnre r and in either casq he may be for some time a loser 
rather than a gainer by the improvement. In the end, all suoh 
improvements benefit not only the oonsumers but also the 
pr^uoers ; but there am many persons who cannot see beyond 
the immediate prospect of loss. 

To the inteUigent woriraian the advantages of teohnioal 
education aze unqnestioi&ible ; for it provides a meibod of 
selection by wbibh he is enabM to better his position, and to 
rise from the ranks to some superior post. "Wimmt the oppor- 
tunitiee afforded by spedall instruotims, the man of int^eot 
and genius might temain through life on a level with those 
who are In every way inferior to him. It is quite true that 
the history of invention shows that many men without theae 
advantages have sueoeeded hi oadginating and perfecting great 
works; but eduoaiion gives to the patient, tiie stea^, and 
persevering, opportunities of inrogrese, ailvanoement, snd dis- 
tinotion whi^ otherwise they oould not hope for. By ^no 
means the Isast of the advantagea oi technical inatruotl^ ia 
that it affords a means of educating the: workman through 
the medium of his own trade. 


BEATS OF INDTJSTKY.— I. 

BIBIONGHAM. 

BT R. B. POX BOT7BK3B4 

Arong the seats of modem industry, English snd foze%Bt 
which in this sericB of papers will be bri^ described, 
mingham is fairly entitled to the first plaoe. I sell hdra,** 
Matthew Boulton, Watt*B partner in the manufaoture of steam* 
engines, said to Boswell in 1776 — 1 sell here, sir, what all the 
world desires to have, power.'* And long before tiie steaim 
engine was invented, Birmingham took the lead in the produo* 
tiion of the vanons toolB by which other towns have been able 
to grow as homes of special industries. 

Now the busiest hurdware town in England, it is also, per* 
haps, the oldest. Tradition and local antiquities support the 
belief that it was a place of note-^**very eminent for most 
commodities made of iron,’* according to the historian Bngdale 
-—even before Britain was a Boman province. Its primitive 
inhabitants may have made Boadicea’s war-chariots, and spears 
for her warriors ; at any rate, they set the fashum of metal- 
working, which has thriven among their suooosaors ever sinoe. 

oame through a pretty street as ever I entered,’* says Leland, 
the quaint traveller of Hmiry VIII-’s reign, ** info Birmingham 
town. There be many smiths in the town, that use to make 
knives and all manner of cutting tools, and many lorim^ that 
mrike bits, and a great many nailers, so that a great part the 
town is maintained by smiths, who have iron and oosl out of 
Staffordshire.** Iron and coal out of Staffordshire have con- 
tinued to feed the staple trades of Birmingham, and by those 
trades it has been made more than a hundred times as great os 
it was in Leland’s day. Its growth, however, has been rapid 
only in recent times. Two oenturieB ago it had about 5,000 
inhabitants, and ninety years ago some 50,000. At the tim« 
of the census token in 1881, the popnlation numbered 400,77^ 
and there cannot now be many leas than 412,000 persons 
crowded info an area little more than two miles loi^ and nearly 
as broad, and most of them directly ommected wifo the great 
hardware industries which, having their centres in Birmingham 
itself, spread over all the a^oining districts and help to supply 
all the world with steam-engmes and pins, pens, guns, a 
thousand and one other artioles of various sort and use. 

Steam-engines rank first. Boulton said truly that in selling 
them he sold power ; and the new power, that has effected a 
revolution in aU znanufaoturing enterprise, has wrought a won- 
derful change in the industries of Birmingham. A hundred 
years ago, when Boulton was a young man, the town was fairly 
described by Burke as the foy-shop of Europe.** In it swords, 
nails, and sober implements of many kinds were made and sold; 
but it was especially famous for its production of trinkets and 
nioknaoks. J^ohn Taylor, then its riohest and most influential 
manufacturer, made his fortune out of buttons, buckles, snuff- 
boxes, ornamental olooks, and other fancy artioles. During 
some years, j 8800 worth of buttons were turned out of his 
workshop every week, and one of his workmen earned tw^'ve 
shillings a day by painting snuff-boxes for a farthing o-pieoe ; 
while his shop-sweepings, containing quicksilver and scraps of 
gold, silver, brass, were sold for j 61,000 a year. B^’^ton 
carried on the eame sort of trade at Snow HiU, then the centre 
of manufacturing energy in the town, during some years pre- 
vious to 1762, when he transferred his business fo Soho, a 
ouserable village two miles out of the town, where a water- 
I mill had been set up, and he saw an opportunity of carrying on 
j .his old trade of toy-making with greater advanti^re. That he 
' diA and Soho became fan^us for its manufacture of buoldas, 
buttons, and watoh-chams, oandlestickB, urns, ormolu wares, 
and the like. He ma<io in it every variety of Brummagem 
goods,** tryfog always fo redeem town from the ill reptzto 
which then, even more then now, it had by reason of the 
trumpery articles which inferior and dishonest nunufaeforerB 
produced. **The prejodice that Birmingham *hath so jhstly 
established against itself,*^ he said, “ mhkes every fault con- 
spicuous in all artioles that have the least pretenrions to taste, 
^w can I expect the publio fo oountenanee rubbish from Soho 
while they oan proonze sound snd perfoot work from any other 
quarter P*' Boultoii’S work was sound and perfect, and he 
made great profit out of it before it was applied in a new «ad 
very notable way in 177A In that yeas he entered into post- 
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with James Watt, whose iziTention of tiie steam-engine 
had been Ijing idle during nine years for want of a shrewd 
man of bnsiness to work ottt the idm of the brilliant man of 
genins. This is not the place for rehearsal of the memorable 
exploits of Bonltoa and Watt in mannfaotnring steam-engines 
and conTinoing the World of their value. Bat the partnersh^) 
and its results must be noted as formmg the chief episode in 
the industrial history of Birmingham. The first stew-engine 
was made at Soho in 1775. The. Soho Foundry now covers an 
area of ten acres, and m it, prior to 1866, there had been manu- 
factured 1,878 steam-engines, with a nominal horse-power of 
70^958, but able to do more actual work than could be per- 
formed by 250,000 horses. Bearing tiie iUustrious title of 
Boulton and Watt until 1848, the firm oonduoting this foundry 
is now known as James Watt and Co. In Soho and its neigh- 
bourhood other great establishments for the oonstruotion of 
steam-engines have grown ont of the good example of Matthew 
Boulton, ** the father of Birmingham,** who may also be claimed 
as a foster-parent by every one of the hundred towns, in and 
out of England, whu^ find their profit in engine-making. 

The staple industries of Birmingham, however, are oonoemed 
rather with the oonstruotion of metal and other goods by help 
of steam-engines than with the mannfaoture of steam-engines 
themselves. Among these brass mamifactures are the most 
important. About 90,000 tons of copper are consumed each 
year in all parts of the world. Of th^ quantity some 60,000 
tons are procured iu England, or brought into it, and nearly 
20,000 tons go to Birmingham, to be converted into brass by 
the addition of 11,000 or more tons of sino. The entire supply 
of copper and ziuo worked up in Birmingham, including old 
brass re- wrought, iu 1865, was nearly 40,000 tens, and its value 
as raw material about .£2,400,000. There were 50 manufac- 
turers of brass and brass goods in the town in 1800. 1885 

the number had risen to 160, and in 1865 to 216. In the latter 
year about 7,000 men and over 2,000 women were directly 
engaged in these trades. As they require delicate manipulation, 
and famish good wages to all who work at them, their import- 
ance to the town is very great. 

Another highly-paid calling, closely connected with brass- 
work, for whion Birmingham is famous, is the gun-trade. The 
story goes that William III., soon after his accession, was oom- 
plai^ng that England made no guns, and that he had to send 
all Ibe way to Holland for them, when Sir Biohard Kewdigate 
reminded him that ** the men of Birmingham were masters of 
aU that skill and metal could do," and showed him that their 
guns were at any rate as good as any to be procured abroad. 
Thereupon the local manufacturers were ordered to make 
weapons for the English soldiers, and the business has been 
mainly oarried on by their successors ever since. Besides the 
great Government factories, more than 600 employers are oon- 
osmed in gun-making and kindred trades. Nearly 4,000 men 
and boys are engaged in producing the materialB, and rather 
more in setting up and finishing them. Besides the weapons 
sullied for the English troops, others — good, bad, and in- 
diffsrsnt — are made in great numbers for private customers at 
home ond foreigners of every nation. 

A more harmloM trade connected with brass mannfaoture, in 
which Birmingham excels, is pin-making. Pins used to be nmde 
much of, as illustrating the value of division of labour, the 
services of fourteen persozui being reqidred for tl^ perfecting 
of a single pin. Now, however, wh<de work is done abnost 
instantameously by help of an ingenions machine invented in 
1824 by an .^erioan named Wright. Daring a single revolu- 
tion of a wheel the requisite length of brass wire is out off, 
pointed at one end, and provided with a head at the othmr, 
leaving nothing to be done but the whitening, which is effected 
by boiling in a copper vessel with tin and bitartrate of potash. 
Cbe Birmingham house, that of Edelsten and WUlioms, toms 
Ihree tons of brass wire into pins ea<fii week ; and there are 
twenty other houses devoted to the same trade. 

Thm are also twenty steepen maoufhetories, and most of 
them much larger than the pin-ehopB, in Birmingbam. The 
growth of this trade is rema^ble. Sixly years ago a steel 
pea was a onxiosity, and, clumsily slmped as it was, could 
hor^y be bought for five shOlings. Ifen years later the price 
was about a shilling | but before then Joseph OiUott had em- 
iMurked in the busineiw, and to him •■w/l to Joslali Mason are 
mainly das Mia improvements in the manofaetasa, fitsel pens 


soon came into faronr, and their inc rea sed use qoiifidy reduced 
the price. In 1865 ^e Birmingham makers produced about 
100,000 grose every week, and gave employment to nearly 400 
men and boys and more than 2,000 women and girls. Unlike 
pins, pens are still produced by minute diviskm of labour. 
They pass through at least twelve processes, yet the wholesale 
value of the commoner sorts is oSteaa, as low as tbree-halfpenoe 
a gross. 

Pins and pens will serve to show how, in Birmingham, the 
heaping of sxnall Miings gm to make a great trade. The names 
of ike trades, still justifying Burke’s epithet, ** the toy-shop of 
Europe," are legion. button-making alone there are stOl 
two or three dozen vaxietieB, altogether giving work to about 
180 employers and more than 6,000 labourers. The old gold 
and silver buttons that suited the foppery of last century have 
gone out of fashion, but their places have been taken by cheaper 
and more convenient articles. Linen, silk, and velvet buttems, 
steel, brass, bone, glass, pearl, and wood, are turned out by the 
million every week. Then there is a la^ trade in gilt wateh- 
keys and oheap jewellery of every sort, a larger trade in screws 
and nails, chisels and o^er tools, and one la^er still in fenders 
and stoves, bedsteads and other ironmongery. 

One of the most interesting developments of the old ** toy ** 
trades of Birmingham is ihe manufacture of cdeotro-plated 
goods. Silver-plating was introdnoed at Soho by Matthew 
Boulton more than a hundred years ago, and the mde chemistry 
of his day made it neoessary for the silver coating upon copper 
to be very solid unless the article produced was in the course 
of a few weeks to become good for nothing. The modem pro- 
cess of electro-plating was only adopted about forty years ago. 
In 1838 Messrs. EUdogton were employed in coating military 
and other metal ornaments with gold and silver in the old way, 
when they, or some chemists in their employ, conceived the 
plan of depositing costly metals on cheap ^ones by utilising 
the decomposing powers of an electric current. of their 
experiment resisted the finished prooess for which their house 
is still famous. They have now more than fifty rivals in Bir- 
mingham, and the trade, also oarried on extensively in Sheffield 
and elsewhere, has become an important branch of British 
industry. There is electro-plating in gold as well as in silver, 
and by it Birmingham is able to give cheap gratification to the 
vanity of young men and maidens too poor to buy good trinkets. 
An instance of electro-plating at its cheapest and fiimsiest 
appears in those miniature gilt lockets, supplied with tolerable 
HkenoBses of the Prince and Princess of Wales, which a few 
years ago were sold wholesale for a halfpenny a-piece. 

Birmingham has some trades, also, which are not oonoemed 
in metal-working. In papier-mAoh4 man u f ac ture, started by 
Henry Olay, a native of the town, in 1772, it has had almost a 
monopoly ever sinoe ; and it is famous for its dressing-oases and 
other products of leather-working, its tortoiseriidl goods, and 
the like. Bfear]j| every month, it has been t^y said, produces 
in Birmingham some new inventiem or some new trade. 

The old and tiie new industries combine to make the town 
wonderfully prosperous. ** The history of every trade and every 
manufactory,*’ says Mr. Timmins, a competent local authority, 
** is one of rapid growth. Beginning os a small master, oftim 
woridng in his own house, with his wife and ifiiildreu to help 
him, the ^rmingham worionan has become a master, his trade 
has extended, his buildings have increased. He has used his 
house ae a workshop, has annexed another, has built upon the 
garden or the yard, and consequently a large number cf the 
manufaotories are most irregular in s^le. l^enever the busi- 
nesa has overgrown its early home, and it is neoessary to remove 
or to rebuild, a better class of building is Invarisbiy adopted. 
The warehouses, the workshops, and the offices erected during 
the last fbw ysars, all riiow u^ only great attention to physical 
wants and sanitaiy laws, but gensnJly some appreciation of 
ornament and some love of a^ Bnniingham is, in fact — 
Sheffirid, peribaps, only exoepted-^tbe town of all otiiers where 
social and personal freedom is extreme. Tbe large number of 
smaB manufacturers are pradtioilly independent of the nume- 
rous factors and merebaats they supply- ^e workmen, mostly 
nntrammsBed by trades* umoiis, are paid according to their 
merits, and skilled labour of id sorts is nearly always in 
demand. The enormous varidy of the trades renders general 
bad trade almost impossible ; lor if one branch is shi^, anoMisr 
is usually working fi£u or even over time. In no town in England 
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is oomfort mor^ oonuaon, or weatth more a<xnaUlj diffoaed. If 
miJlionairea lure few^ ftbaolute porerty and wretohadiMMii are 
alao nure. Derellhtgi, liowerer hiimble, are not orerorowded, 
as in many large towns, and Tory rarely is more than one family 
found in one house/* Birmingham is thus, on social grounds 
S8 wedl as on oommeroial, one of the most interesting of the 
great seats of English industry. 


CHEMISTRY APPLIED TO THE ARTS.— I. 

8T OBOBan OIiAJOSTOKS, T.O.S. 

BLSAOHXKa. 

AtiL the fabrics used for clothing and other purposes, which 
are made of cotton, flax, wool, jute, silk, and such like artiolea, 
are more or less colour^ when they are flrst produced. Baw 
cotton is naturally almost white ; but it is liable to be mixed 
with minute fragx^ts of the husk, and other extraneous sub- 
stances, besides grease and dirt, which destroy the purity of its 
character, and render it quite grey by the t^e it has passed 
through the spinning-mill and loom. Flax and jute are by 
nature rather dark-coloured ; silk is always yellow ; and wool 
is anything but white when in the fleece. None, therefore, of 
the goods made from these articles present a clean and inviting 
aspect when they leave the hands or machine of the weaver. 

In order to render them fit for the market, they must not 
merely be washed, which would only remove the di^, but they 
must generally be bleached, or, in other words, m^e white. 
Grey calicoes are not bleached, but the tint they possess 
prevents their being used for a great variety of purposes. If 
they have to bo dyed or printed with patterns, it is still more 
important that the fabric should be bleskched, because otherwise 
the colours or patterns would appear indistinct and dirty. 

The bleaching process is therefore a very important one. It 
is one, however, that is conl^ually going on without xnan’s 
interference, of which most housewives find too many instances. 
We are all familiar with the power of the sunlifidit in fading 
carpets, curtains, etc., which are much e^sed to its influence. 
Almost every article that can be named is subject to the same, 
timber and even stone losing much of their colour by exposure. 
The effect is increased by occasional showers of rain. 

In the eariy ages man copied the process of Nature, and 
exposed his manufactures to ibese inflnenoes for the purpose of 
rendering them white. Water is generally so cheap, and sun- 
light costs nothing at all, that modem science has not site- 
gether supplanted this plan ; but in these days, dispatch is a 
matter of so much importance that we cannot wait while Dame 
Nature does her work, and we must therefore either hurry her 
on, or find some more expeditions method. 

About 100 years ago, ^e attention of chemists was drawn to 
a substance which is now known to be one of the most common, 
and at the same time important, chemical elements— *-ohlorine. 
In combination with sodium, it forms the well-known table-salt 
(chloride of sodium), and is therefore one of the most wide- 
spread aubstanoee in Nature. It was not long before its bleach- 
ing qualities were discovered, and then commenced a new en in 
the art of whieh we are now writing. Ihe best manner of 
using the bhlodne was the subject of many experiments, and 
improvenmnts have from time to time been suggested ; but still 
chlorine, in one form or another, is the article upon which the 
bleacher of cotton relies. A great economy, both of time and 
labour, is the result ; the effect which could formerly have been 
gained only by a vast wnount of labour, and an exposure of 
moiiths to the atmospheric influmscesy bting now attained 
within an equal number of days. 

What is the principle upon which chlorine acts in the bleach- 
ing of goods made of vegetable fibres? Let us get at the 
philosophy of the matter first, and then proceed to the work^ 
of it ont in aotnal practice. The cbei^cal process amounts 
suhply to thiS'’— to give the chlorine employed the opportunity 
of entering into combination with the ooHouring matter in the 
fabrio to be bleached, the result of wHoh is the formation of a 
white compound wMbh can be readily eeparaM from the manu- 
factured article. 

There are, however, many nioeto In 'the operation which 
need to be borne in mind, in ordmrto produce a aatisfbotory 
result. Baw cotton imbibes a certain amount of dirt and grease 


in the processes of picking, ginning, and sending from tiie pla^ 
of growth to the manufacturing district ; and in the subsequent 
processes of spinning into yam, and of weaving into oalioo or 
other fabiios, a good deal more of both these in^mrities is 
acquired. It is important to get rid of these, and more particn- 
larly the grease, before the goods are subjected to the actual 
operation ^ bleaching. The mere dirt is easily removed by the 
ordinary process of washing, which is therefore one of the first 
things to be done. Qreaae or oil is not, however, to be got rid of 
by this means, and the quantity these troublesome ingredients 
when the goods come out of the loom is by no means inconsider- 
able. The simplest and cheapest way of purifying the fabrio 
from these Is to oonvert them into a soap, by boiling the goods 
in a solution of lime-water or any alkali. The soap Ihus formed 
is easily separated, and the material is then ready to be sub- 
jected to the bleaching process. During these preparatory 
opmtions, which consist of alternate washings in lime-water, 
acids, and caustic alkalis, between each of which the fabric is 
thoroughly rinsed in pure water, the article operated upon loses 
a good de^ of its col^, though the most importaut have yet 
to follow. 

There are two ways of conducting the suooeeding prooess t 
the one is by bringing the goods tinder the influenoe of chlorine 
in its free state (either as a gas or dissolved in water), and the 
other by nsing the chlorine in combination with a base, suob as 
calcium, of which lime is the oxide. The former ie adopted 
more generally on the Continent, the latter in England. 'The 
former is very effeotive and rapid in its operation, but it involves 
a certain amount of risk, because the chlorine in that case is 
liable to do too much, and destroy or bum the fibre itself ; the 
latter is more easily regulated, so that there is less risk of 
injuring the strength of the o^co. Even in this case, it is 
necessary to adjust with^ care the strength of the solution of 
chloride of lime, its temperature, and the time employed i be- 
cause an increase of temperature, or a prolongation of the time, 
will operate as prejndi(^ly as an excessive quantity of the 
bleaching powder. The colouring matter is the first attacked, 
and as soon as that has been sufficiently acted upon, the fabrio 
should be withdrawn from any further influence. 

The chloride of lime is dissolved in a large quantity of water, 
to make a bath into which the goods are to be plaoed after it if 
reduced to such strength as is desired, a point which varies oon- 
siderably aooording to the quality and character of the goods to 
be bleached. Into this solution the cloth is put, and remams 
there generally for about six hours, by which time the chloride 
of lime l^s been tideen up. It then passes into a weak bath of 
Bulphurio acid, when the add attacks the oaldum, forming 
sulphate of oaldum, and leaving the chlorine free to aot upon 
the colouring matter. The sulphate is easily removed by str- 
ing in water for eight or ten hours ; and the oolouring matter, 
having been already deoomposed by the chlorine, is got rid of 
by boiling for about eight hours in a solution of caustic or 
carbonate of soda. The goods are finally passed through a bath 
of weak add, to prevent the chance of ''their subsequently turn- 
ing oolour in consequence (ff any resinons mattra re m a ining 
behind, and are then dressed and prepared for market 

The time oooupied in bleaching cotton goods by the agency of 
chlorine need not occupy more than two days. It is, however, 
better to take rather more time, as the most expeditious mode 
involves tiie use of rather stronger solutions than are desSzable ; 
and a vary thorough waddng between the various steps of the 
prooees is of importknoe, because otherwise the fabrio is liable, 
in oourse eff time, to tom yellowish and 8iK>tty in some places. 
Care in this respect is all the more important if the goo^ are 
intended to be dyed or printed, because the oolours are oertain 
to be more or Iom affected if any of the ingredients used should 
remain behind, or have entered into ooml^ation with the fibre 
itself. The minute detaUs vary ooneiderably in different esfea- 
blishments, as well as aooording to the class d goods in hand. 
The solutions of the alkalis are generally prepared by dissolving 
a oSrtsin weight of the substance in a (^en quantity of ;water; 
but as Chloride of lime is very Apt to lose its strength by keep^ 
ing, it is usually tested, by observing in a graduate tube hoa 
much is required to neutralise a standard solution of indigo, e 
test which is found in ptaoftioe to be euffioiently exact. 

The prooess d bleacking.linen is somewhat different from the 
foregd^, the same fn principle* While cotton goods 

lose at the puiaide 10 per oeet. d thrir weight, linens lose di 
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least 80 per cent, by beingr bleach^ This arises from the large 
amotmt of oolouring matter in the flax, some of whidi is eTsn 
imbibed during the prooess d retting to which the flas plant is 
subjected in order ^ separate the fibre from the hash. The 
great quantity of cdoazing and resinous matters nhioh hare to 
be got rid of» render the bleaching of flax a much more tedious 
prooess thmi that of cotton, because they prerent the chloride 
of lune from, pohetratbig the fibre completely durmg the short 
time tl^t it is exposed to the influence ol this agent $ and many 
bleach^ oombine the modem chemical leroceas arith the old 
•yil^m d eiposuie to the elements, which, though longer, sa^es 
repeifillan of some of the mechanical operations. Upon this 
plan &e prooess generally ooouides fxm six we^ to two 
moni^, though by adoptbig the artificial expedieiits it need 
nd occupy xnore than about onathird of this time. 

The animat substances used In the manufacture, of clothing 
cannot be, treated in tiie same way, for were they snbjeeted to 
the operation adopted in the hlciMhing of vegetable fibres, the 
material itself wodd be so far destroy^ as to render the goods 
oomparstirely vsluelesa. The most important of these sub- 
stances are wool and silk. They mnst be described separately. 

Wool, it ia well known, oontains a very lai^ amount of 
grease, and this is only very imperfeotly removed by the prooess 
of scouring to whi(^ it is subjeded before the wo<fi ia made into I 
yam. As in the case of oottim goods, the first thing to be done j 
Is to get rid of the greasy substimoes, but the aUmline leys used 
the bleachers of calico to seponify the fatty mattera would 
destroy the wool itself, so that another means ot adrieving this 
end has to be resorted to. The beat article for the purpose, 
and which is therefore commonly used, is a mixture of water 
and stale urine, into a oold bath which the wool is placed for 
about twenfy minutep. Luriug this time the carbonate of 
ammonia, evolved in the decomposition of the urea, combines 
with the grease, forming a substance which is readily removed 
by washing. If woollen goods are subjected to this toeatment 
there is some dtifioul^, however, in getting rid of the disagree- 
able smell whk^ omigs to them, in oonsequenoe of which 
carbonate of soda and soap are generally substituted, though 
they are not so satisfactory in their action. 

^ough heat facilitates aU the operations the bleacher, it 
is necessary to avoid it when dealing with wool, because it 
would not only injure the fibre, but also make it shrill too 
much. Even to using oold water, the latter result has to be 
. guarded against by keeping the goods stretched oh a frame 
while passtog through the various baths. To effeot this with 
the grea^t possible economy of liquid, the baths are fitted 
with two aeries of rollers, one near toe Attorn and the other 
near the top, and tbe fabric is drawn tightly over and under the 
rollers alternately. 

Having thus prepared toe article for toe actual bleaching 
operation, it is now subjected to toe action of suh^hur, and not 
<Mortoe as to toe case cotton. The objeot of this treatment 
is no^to remove toe oolouring matter from the wool, but merely 
to deprive the substance of its colour. It is applied to toe form 
of stdphurons acid, which is a gas readily soluble to water, and 
mhy be used in either of these conditions aooordtog to the pre- 
ference of tl^ operator. Those who employ it to toe gaseous 
state Imve large chambers provided to which the goods are hung 
up on wooden rails ; the door is then hermetically shut, and 
toe bin^ntog sulphur is introduced through an aperture to toe 
floor, which is at once dosed. lu this way the eir that is to 
toe ohsmber becomes thoroughly impregxmted with toe gas, and 
toe doth, after an exposure of ebout twenty-four hoius, is 
completely bleached. An immersion of four hours to water 
Batmrated with the gas is sufficient to produce the same result. 
The aqueous solution may easily be prepared by heattog a 
I mtotiure of sulphate d iron and sulphur to a retort oonneotod by 
, a pipe with the bath, so that toe gas evolTsd should psas into 
the 'vmter, and be absorbed by it until thoroughly satuxated, 
I <n^^til a sufficient strength be attatoed. 

Uhe prooess of bleaclbiing silk is much dmplsr. In fsot, 
except for special purposes, it can hardly be said to be actually 
blamed. The very pale tint to which it ie usually raduced is 
attslndl by ^peaM bpaltogs to water with soap, then im- 
merdbn in a bath to whito a Uttle carbonate of soda is dissolved, 
and finally a short exposure to the action of a weak aotd, toe 
silk being wdl rinsed betwemi each operation. A ftother de- 
odorisation is, however^ asoesssiy, If toe silk to suhiequAntly to 


be dyed of a very delicate colour, in which case a weak adution 
of sulphuroxM add is used. Much care has to W exercised 
throui^ut, lest the fibre should be affected, which would not 
only destroy its strength, but also deprive it of toe hriXttoiUoe 
which adds so much to its value. 

The manufacture of the chloride of lime whioh to now the 
great agent to toe bleaching of goods made of vegetable 
fibres, is a separate trade, and is principally carried on at the 
large ohemiod works to the neighbourhood of Glasgow, New* 
oastle, and Idverpool. , 

Machinery is used wherever practicable, in order to economise 
toe cost of labour, and also time. The dash whed, as It to 
called, is a most useful and simple oontrivanoe, and one in 
almost constant requisition, being used to toe frequent washings 
above described. It oondsts of a large cylinder or drum, 
divided lengthwise into four oompartments, with a large aper^ 
ture to toe end of each, through whioh two or more pieoes of 
doth are inserted ; watw is then added, and connection being 
made with the steam-engine, toe cylinder revolves rapidly, and 
toe motion thus given to the pieoes of doth inside watoes them 
thoroughly to less tiian ten minutes. 


TECHNICAL DRAWING— HI. 

LZNSAB DUAWnra ttf PABALLSL LINlSS — PUEU-HAin) DBAWZira. 
Wk now proceed to give anothd example for practice to draw* 
ing parallel lines. 

^Eig. 6 is toe plan and Fig. 7 is the sectional elevation of a 
platform to whito toe longitodinal sleepers, 5 & b, rest directly 
on toe ground, and are kept in their places by the oross^sleepers, 
a a aa a a, whidi rest upon them. These are notched down, sp 
that only half their thickness stands above toe longitndtoal 
sleepers. Hie spaces between these having been duly flutoed 
up as to toe previous example, toe planking, eccc,iB placed 
hehMeti toe aross-deepers, of a thickness equal to the portion of 
their thickness which stands aberve the lungitudtoal timbers, 
toe upper faces of the oross-sleeperB themselves tons covering a 
portion of toe surface of toe platform. 

To draw these figures, draw a line at a b, for toe ends of toe 
longitudinal sleepers ; mark off toe widths of these and of the 
spaces between toem. 

Now, knowing tiiat toe elevation is to be projected from the 
plan, you may as well carry on toe process at toe same time 
that you are drawing the tot figure ; therefore, at the proper 
distance, draw the ground-line of the elevation, OD (]^. 7), 
and as you draw the longitudinal sleepers, carry down toe linM 
whioh ^ve yon toe ends or sections of the timbers lettered 
5 b in the elevation. 

Beturning to toe plan, draw the cross-sleepers, a a a a a a, 
and toe lines parsUel to toe longitudinal sleepers (not toown in 
the examjfie) w^h bound toe ends of toe oross-sleepers, oarried 
up, wUl give «&> the ends of toe same timbto, and of toe 
planking, in both plan and elevation. It will be seen that the 
portion id toe cross-sleeper which is notched down on to the 
lo^tudinal timbers is represented by toe width at a in the 
sectional elevation. 

His section the wall may, of course, now be drawn either 
to pattern, or may be worked to represent iKrickwork fxom 
eitto of toe footings of wsiUs vtoito w^ be given in toe lessons 
on ISuilding Oonstruotion. 

These Sawings may how be coloured to xepres^t fir, thO 
colour usually employed for this purpose being riaw sienna- 
This toonld be washed thinly over aU toe woodrworic, and whoa 
dry tim lower oleepers should be covered with sepia, toe shadows 
oast by the upper on the lower timbers to be subsequently 
added wito oolw rather darker. "When aH the colouring is 
dry, toe lines vspresenting toe graining are to be freely, but 
not too hearily, executed with this last darker toade of sepia; 
and it nmat be borne in ndnd that tbe graining is but secondary, 
and must liot be over-done, and that in toe example the Hass 
are engraved closely In order to darken toe lower timbers, so 
I tost the CFOsi-sl6^;>er8 may M smire plainly visible; but in 
I your draWiBg you atiisln tois end by toe wash of Sepia, and ^ 
I therefore you are not . required to shade your work in lines. In • 
tos ends of toe sleepers shorwn in Fig. 7 it is, however, neoes* 
sazy to draw lines at 45% in erder to tooW toat they are meant 
I to reprs ee at seetionm 
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Fig* B ii the .plmi and Fig. 9 is the eeotaonel elevation of the I ends or to patoh the line, which is ereeedingfy difBkmlt to do 
planfeng for the loa ndat i on s of walls meeting at right angles. > aeat^. B^ if yon hay^e drawn out the peooihiines fcsnooing the 
lliis plf^ tidcen from an exoellent German example, is snoh as edges of the sleepers, yon at once see the exact igngth yon are 
might be applied in A case where it mij^t not be necessary that to inh; and this same result in inking the long lines ndll be 
the whole m the area shonld be plankA. attained by the pencil-line prerionsly drawn at x> a. 

To draw this example, draw ^e line A B (Hg. 8), and s c at Ton xe fnrth^ advised never to scratch ont any ^xtaaeons 
right engles to it. , line until aftw yon have oolonred, and ^e drawing has tho* 

On Bo mark off the widths of the lower sleepers and the roughly dried, as otherwise iheoolonr will run into the roughened 
spaoes between them, and from these points draw the lines paper and cause a blotched appearance, 
required for the timbers. The seotioniil elevation (Tig. 9) can now be projected fmai 

On A B mark off the widths -of the npper sleepers and the the plan in the manner alrei^ explained. The shadow oast by 
igiaoes between them. the wall (which is aseotioii on theHne ^ be washed in 



4Jthougb pnly three of these are oontinnons, it is advisehle 
to draw ell in pencil as if they were so, which ensures the dis- 
tent set being irqenediately opposite to those in the front ; and 
tmS mode working is deoidcdly the more rapid. 

It has been men&ned that it Is deferable to draw eU pencil 
lines longer then they wHl be rOquhecL We wi)l now in^dalre 
wj^ it is so. 

hs Suppose the whole plan ferifdied, as te gs the penoil- 
is oonoexmed, and that the next prboeia is that of in&ng. 
ow, of course, you know ihit'^ bevelled edge of your role 
5?*^ ke turned dotemeard, in order to ySise the edge so fbat 
from the rnling-pen mSy not drag ii This edge, 

however, obstructs, in a degree, yottt vfiW of the lines you are 
to and ycm eliher draw year peii|NUi^^ angles of them Ur 

eillmr csiM the result is d^ 
•g*teahle, for yon have eiihsg to Scraiih the sopeeStioua 


with sepia. Be careful not to mix your oolonv top thick. 
Bather repeat the waih in order to darken it. 

The lines for the couxsos of stones shonld be drawn alter 
the oolooxing and shadowing, so that they may not be washed 

away, 

OF FRBBBAKB DBkVnKG. 

At this stage it is advisable that the student should be in- 
formed that fSx the drawing which is necessary for the artisan 
cannot be d<me wi^ rt^lss dud compaMSf , but that some portion 
of the work must be drawn by frMband.** 

It is important that g workman should be able, with his piece 
of chalk or pencfl, to sketd^ roughly, by hand, the form o£^ any 
object he 11 required to make, or ihat, visiting any exhibition 
or foreign <k)un£y, he idionld be able to bring away with h^ 
drawings, however roughly done, of any tool, appliance, uerai 
or oaenamental article which may have attracted bis attentScm 
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Agttin, At the example ooniaiited in this or any other work 
of a eharaoter advfmoe, it will be sera that onrred lines 

are of constant ooonrrraoe ; a^ idthon^b some of them, which 
msy be composed of aros of circles, may be done with oomp asso a , 
and others may be inked by means of the French ourre, there 
aee many which cannot be exeonted by any other means than 
by freehand, and there Will ooenr little pieces of 
omwed lines oontannons with straight ones, which 
can always be mom neatly joined by band than by 
instnimrats, or which a oeztain amoiint of practice 
win enable Ihe draughtsman to execute with 
pen or pencil in less time than it would take him 
to fknd the centres* But this is not all. The 
study and piaotioe of freehand drawing girea ao- 
eoraoy to the eye and refines the peroeptiTe facul- 
ties; it enables a man to raise hk ideas beyond 
mere straight Hnea, to cnltiTate his taste, and in 
many ways to add beauty to utility. 

To the joiner these remarks apply with even 
greater force than to the oarpentra, for there is 
so nmoh in his work that requires taste sad refine- 
ment, that to him hand-drawing and a proper cnlti- 
vation of taste are absolutely indispexumble. The 
Germans (amongst whom teohnioal education has 
irom early times boon well attended to) imply this 
in the very names they give to tiie different depart- 
ments of the workers in wood. They do not seem 
to consider the work of the honse-oarj^ter to 
be merely making a good joint or plax^g wood 
very skilfully, and therefore do not use the term . 

** joiner." They call the workman *^Bau-tisoliler" 

<the huilMnff, cabinet^ or table maker) ^ and the 
** Fein-zimmermann (the fine-room man ) ; and 
these terms will at once be understood as conveying 
the meaning that from the joiner not only neainess 
but taste is required ; and he oannot acquire this, or 
even cultivate that which may be (and in many 
eases is) natural to him, without patiently studying 
end practising the delineation of beau^ul forms 
which Nature spreads so bountifully around, and 
which men of former periods have produced. The 
South Kensington bluseum, a perfect art-world, 
containB innumerable specimens of the applieatiou 
of art to trade, purposes, and the student is strongly 
urged to avail himself of the advantages of sodh 
an exhibition, and of the excellent tuition given 
in the numerous sclmols of sdraoe and art, spread 
not only over London, but tiiroaghout the pro- 
Tinoes. 

The object of introducing freehand drawing at 
tins stage is that the student may practise it, litf^ 
by little, as he progresses with linear i^wing, 
and so onltivate both branches eqm^y* This will 
be found more satisfactory than allowing the study 
of ruliug-work to outstrip hand-work; for, where 
this is the case, whilit the ruled Vim may be 
exceedingly well done, the curved parts will be so 
olumsUy added that the appearance of the drawing 
will be quite spoiled. 

It is intend^ to in- 
troduoe at a further 
atage the elements of., 
ornamental forms; but 
In oommraoing, it is 
deemed best that the 





observing, hnt not measttdng, the distance betwera theih. Hest 
draw the line ph, which is to form iha*edge of the blade; and 
also dot fine Ihtes aoroM at ij and hi. 

All these lines are, in the first fastanoe, to be drawn of in. 
definite length. 

The two points to be observed are— • 

1. That they are at the proper distanoes apart. 

2, That they are all really at right angles tons. 
Now mark aS on each si^ of the cramal perpen* 

dioular the length of half the diameter of the brass 
ring, and draw the lines c e and d f, 

handle is to be drawn next, and this is formed 
of a oontinuous curve. Begin at a, and in the 
lightest manner possible sketch the curve extending 
to e. Adopt as a constant rule, that when two 
curves are to be balanced, it ia advisable to draw 
the U0 side first, for if ^ right side were drawn 
before the other, you womd most likely cover it With 
your hand whilst sketching the left ; this would, of 
course, render yonr gettiS^ your two sides a^Oce 
very difficult. 

'^ra, then, you feel in Some degree satisfied 
that the left si^ of the handle is nearly correct, 
add the curve from A to d. 

Observe. — ^There must not be a sharp point at A. 
The two sides must merge smoothly into each other 
at the top, so as to form one complete curve. 

You can well imagine how very absurd a aoiew- 
driver would appear, and how very unfit it would 
be for work, if it had a tixarp point at the top of 
the handle. 

Now commence the blade, by drawing the per- 
pendiculars ei and/i; then the curve tk on the 
left side, and j I on the right. 

Mark off cm g h, on each side of the perpradioular, 
half the width erf the edge of the bUde, and then draw 
the lines hh and iQt which will complete the ioaxu 
Now this will constitute the rough fd;:etoh. Hie 
next step is to convert it into a drwwi^. Bass 
yonr india-rubber lightly over the praoU lines, so 
as to temoTo as mnoh lead as possible, without 
entirely erasing the form. 

Fig. II is a sketoh of a carpenter’s ohis^. 

In beginning this, draw the central horizontal 
line, and across this draw ^ lines for the edge of 
the ohisel, and the upper end lower ends of the 
handle. 

Next draw the sides of the blade, which, difbiing 
from those of the screwdriver', are parallel to the 
central line. The linos for ti^e edges of the handle 
av^not, however, parallel, M the handle is wider 
at tiie upper than at the lower end. 

Obeerve. — ^In using india-rubber, it is better to 
rub in the direction ef ike Unee rather than aoroee 
them ; and when there is mutli lead upon the paper, 
it ii better that tlie frictira idiould be rapid and 
light rather than slew and hard. The rubbing 
ahould not be backward and forward, by vrhioh the 
lead nibbed off ^ one stroke is vamed on again 
~ by the next; but the 
aotion should be like 
1— planing or filing—^ 
I viz., in one directios^ 

, the rubber being raised 

in the badevard motion. 


Fig.U. 


subje^ should be sudi as are well known to the student. He The paper should at this stage present a perfeotb^ dean ap* 
w^imra^ able to dheok his own work, for he will at once see peaxanoe, with a vtry clear but dliht traoe of the form, 
wl^er his drawing is really like the tool ho has in his basket; Now, with a fine, dsanly-oat p^i toyour pencil, trace over 
t^t it ^y 1^ him to tiy to make draw- the outline, avoiding aU tuggednew, and endeavouring to get 
tUMbOf others mroot from the objects and nnaided by copies. each line of tiie ssme tbickness throvtfhcut; those on the ri^t 
owmenoe, then, with Fig. 10, which is intended to repre- side are td rendered a little tiian the others. TUs 

* 7™®*^* *»d this examine, riayide as it js, » - 

praotira in a most importont branch of the By fblldiilng dStectibn^ dosdy, which are rim fl a T to 

H^^^ perjM^rate, ab, is to he drawn first, add, when ing” In Tan FbnnjLB JtotrdAVOB, and taking an example for 

aay tool «» oonriant taW* 

I>raw tot Hues e d and e/, crossing ab at right anfilsit (n^editahto drasito|^ ' 


himself shit to psodm 
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we xnnet be pardoned for not eooeptinfir aooh anthoritj, : 
should there be any orer-estimation of the aoouraoy of this gc 
taste, serious loss of progress in art- judgment might result. 

It may be tidcen as an invariable truth that hnowledge, a 
knowledge alone, can enable us to form an aoourate jndgm< 


At the very eommenoeinent of this series of artides on Oma- respecting the beauty or want of beauty of an object, and 
mental Dei^, which 1 have undertaken to write at tl^ request who has the greater knowledge of art can judge best of i 
of the Editor of Thb Tbohkioai. Eduoatob, I desire to say ornamental qudities of an object. He who would judge righ 
that I address myself especially to working men, and that my of art-works must have knowledge. Let him apply 
sole object will be to teach what I consider useful to them, then, to earnest study, for therel^ he shall have wisdom, a 
Therearemany handicrafts in which a knowledge of the true prin* by his wise reasoninga he shail be led to perceive beauty’ a 


oiples of ornamentation is 
almost essential to success 
and there axe tew in which 
a knowledge of decorative 
laws cannot be utilised. The 
man who can form a bowl 
or a vase well is an artist, 
and so is the man who can 
make a beautiful chair or 
table. These are truths ; 
but the converse of these 
facts is also true; for if a 
man be not an artist he can- 
not form an elegant bowl, 
nor make a beautiful chair. 

At the very outset we 
must recognise the fact that 
the beautiful has a com- 
mercial or money value. We 
may even say that art may 
lend to an object a value 
greater than that of the mate- 
rial of which it consists, 
even when the object bo 
formed of precious matter, 
as of rare marbles, scarce 
woods, or silver, or gold. 

•This being the case, it 
follows that tho workman 
who can endow his produc- 
tions with those qu^ities or 
beauties which give value to 
his works, must be more 
useful to his employer than 
tho man who produces ob- 
jects devoid of such beauty, 
and his time must be of 
higher value than that of 
his less skilful companion. 
If a man, who has been bom 
and brought up as a ** son 
of toil,’’ has that laudable 
ambition which causes him 
to seek to rise above his 
fellows by fairly becoming 
their superior, I would say 
to him that I know of no 
means of his so readily 
doing so, as by his acquaint- 
ing himself with the htwa of 
beauty, and studying till he 
learns to perceive the differ- 
noe between the beautiful 
nd the ugly, the graoeftil 
nd the deformed, tho re- 








FIG. 1. — THB I»OTU8 (BLUE WATBB-LILY) OF THE EGYPTIANS, 
AS CONVENTIONALLY TREATED BY THEM. 

A. Open flower and bud on mammy-osse. B. Flower and bud on border 
or comioe. C. Lotus flower and stalk. 


thus have opened to hin 
new source of pleasure. 

Art-knowledge is of v& 
to the individu^ and to ‘ 
country at large. To * 
individual it is riches f 
wealth, and to the naUoz 
saves impoverishment. Ta 
for example, day as a na 
ral material : in the hai 
of one man this mate: 
becomes flower-pots, wo 
eighteen-pence a “cast’ 
number varying from si 
to twelve according to sh 
in the hands of anothe 
becomes a tasza, or a v 
worth five 'pounds, or ] 
haps fifty. It is the 
which gives the value, i 
not the material. To 
nation it saves impover 
ment. 

A wise policy indt 
a country to draw to it 
all the wealth that it < 
without parting with n 
of its natural material i 
is absolutely necessary, 
for every pound of clay 1 
a nation parts with, it 
draw to itself thatamoux 
gold which wo value at 
pounds sterling, it is 
vionsly better thus to 
with but little material 
yet secure wealth, than 
to part with the mat 
either in its native oc 
tion, or worked into oo 
vessels, at a low rate, tl 
by rendering a g^reat 
poverishment of the ns 
resonrccs of the con 
necessary in order to 
wealth. 

Men of tlie lowest de 
of intelligence can dig < 
iron, or copper, or qr 
stone ; but these matei 
if bearing the impres 
mind, are ennobled and 
dered valuable, and the ] 
strongly the materia 
marked with this enno 


ined and the coarse. To perceive delicate beauties is not by impress the more valuable it becomes. 

•ny means on easy task^ to those who have not devoted them- I must qualify my last statement, for there are possible ( 
elves to the consideration of the beautiful for a long period of in which the impress of mind may degrade rather tiiau c 
ime, and of this be assured, that what now appears to you to and take from rather than enhance, the value of a mat 
►e beautiful, you will shortly regard as less so, and what now To ennoble, the mind must be noble ; if debased, it can 
wls to attract you, will ultimately become obarming to your eye. debase. Let the mind be refined and pure, and the more 
^ atady ot the beautiful, do not be led away by tho false it impresses itself npon a material, the more lovely doe« 
adgment of ignorant persons who may suppose themselves matei^ become, for thereby it has received the impre 
lOBsessed of gfood taste. It is very common to assume that refinement and purity ; but if the mind be debased and im 
rom^ have better taste than men, and some women seem to the more does the matter to which its nature is transm 
onsider themselves the possessors of even onthoritative taste become degraded. Let me have a simple mass of c^y 
rom which there oeu be no appeal. Thia xoay be the case, only candle-holder rather than the earthen oandlestiok whkk 
•K.E. 
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presents siieli a form as is the Hataral outgoing of a degraded 
mind. 

There is another reason why the material of which beautiful 
objects are formed should be of little intrinsic Tslue, besides that 
arising out of a consideration of the exhaustion of the country, 
and this leads me to say that it is desirable in all cases to form 
beautiful objects of an inexpensive material as fax as possible. 
Clay, wood, iron, stone, and copper arc materials which may 
well be fashioned into beautiful forms; but beware of silver, 
and of gold, and of precious stones. The most fragile material 
often endures for a long period of time, while the almost in- 
oorrosible silver and gold rarely escape the ruthless hand of the 
destroyer. “ Beautiful though gold and silver are, and worthy, 
even '&ongh they were the commonest of things, to be fashion^ 
into the most exquisite devices, their money value makes them 
a perilous material for works of art. How many of the choicest 
relics of antiquity are lost to us, because they tempted the thief 
to steal them, and then to hide his theft by melting them! 
How many unique designs in gold and silver have the vicissi- 
tudes of war r^uoed in fierce haste into money-changers* 
nuggets ! Where are Benvenuto Cellini’s vases, Lorenzo Ghi- 
berti’s cups, or the silver lamps of Ohirlandajo P Gone almost 
as completely as Aaron’s golden pot of manna, of which, for 
another reason than that which kept St. Paul silent, * we cannot 
now speak particularly.’ Nor is it only because this is a world 
* where thieves break through and steal ’ that the fine gold becomes 
dim and the silver perishes. This, too, is a world where ’ love 
is strong as death ; ’ and what has not love — ^love of family, love of 
brother, love of child, love of lover — ^prompted man and woman 
to do with the costliest things, when they could bo exchanged as 
more bullion for the lives of those who were beloved ? ” * Work- 
man I it is fortunate for us that the best vehicles for art are the 
least costly materials. 

Having made these general remarks, I may explain to my 
readers what 1 am about to attempt in the series of papers 
which I have now commenced. My primary object will be the 
bringing about refinement of mind in all who may accompany 
me through my studies, so that they may individually be enabled 
to judge correctly of the nature of any decorated object, and 
eigoy its beauties— should it present any — and detect its faults, 
if such be present. This refinement I shall attempt to bring 
about by presenting to the mind considerations which it must 
digest and assimilate, so that its new formations, if I may thus 
speak, may be of knowledge. We shall carefully consider cer- 
tain general principles, wldch ore either common to all fine arts 
or govern the production or arrangement of ornamental forms. 
Then wo shall notice the laws which regulate the combination of 
colours, and the application of colours to objects ; after which 
wo shall review our various art manufactures, and consider art 
as associated with the industrial arts. We shall thus be led 
to oonsider art fumituro, earthenware, table and window glass, 
wall decorations, carpets, fioor-cloths, window-hangings, dress 
fabrios, works in silver and gold, jewellery, hardware, and what- 
ever is a combination of art with manufacture. I shall address 
myself, then, to the carpenter, the oabinet-maker, potter, glass- 
blower, paper-stainer, weaver and dyer, silversmith, jeweller, 
blacksmith, gas-finisher, mason, designer, and all who are in 
any way engaged in the production of art objects. 

But before wo commence our regular work, let me say that 
without laborious study no satisfactory progress can be made. 
Labour is the means whereby wo raise ourselves above our 
fellows ; labour is the means by which we arrive at alflnonoe. 
Think not that there is a royal road to Buccess — the road is 
1>brough toil. Deceive not yourself with the idea that you are 
bom a genius, that you wore bom an artist. If you are endowed 
with a love for art, remember that it is by labour alone that you 
can get that knowledge which will enable you to present your 
art ideas in a manner acceptable to refined and educated people. 
Be oontent, then, to labour. In the cose of an individual, sucoess 
appears to mo to depend upon the time which ho devotes to the 
study of that which he desires to master. One man works six 
hours a day ; another works eighteen. One has three days in 
one; and what is the natural result? Simply this— that the 
one who works the eighteen hours progresses with three times 
the rapidity of the one who only works six hours. It is true 


* From a lecture ty the late FrofeMor George Wilson, of 
Etliuburgh. 


that individuala differ in mental oapaoityt but my experience 
has led me to believe that those who work the honest almost 
invariably suooeed best. 

While I write, I have in my mind’s eye one or two on whom 
Nature appeared to have lavishly bestowed art gifts ; yet these 
have made but little progress in life. I see, as it were, before me 
others who were less gHted by Nature, but who industricusly 
persevered in their stadies, and were oontent to labour for 
success ; and these have adiieved positions which the natural 
genius has failed even to approach. Workman ! I am a worker, 
and a believer in the eifioaqy of work. 

We will commence our systematio course by observing that 
gpod ornament, good decorations of any character, have qu^ities 
which appeal to the educated, but are silent to the ignorant, 
and that these qualities make utterance of interesting facts ; 
but before we can rightly understand what I may term the 
hidden utterance of ornament, we must inquire into the general 
revelation which the ornament of any particular people, or of any 
historic age, makes to us, and also the utterances of individual 
forms. 

As an illustration of my meaning, let us take the ornament 
produced by the E^ptians. In order to see this it may be 
necessary that we visit a museum — say the British Museum — 
where we search out the mummy-cases ; but as most provincial 
museums boast one or more mummy-cases, wo are almost 
certain to find in the leading ooonty towns illnstrations that 
will serve our present purpose. On a mnmmy-case yon may 
find a singular ornament, which is a oonventional drawing of 
the Eg^tian lotus, or blue water-lily* (see Fig. 1), and in all 
probability yon will find this ornamental device repeated over 
and over again on the one mommy-oase. Notioe this peon- 
liority of the drawing of this lotus — a peculiarity common to 
Eg 3 rptian ornaments — that there is a severity, a rigidity of 
line, a sort of sternness about it. This rigidity or severity of 
drawing is a groat pecnliarity or characteristic of Egyptian 
drawing. But mark ! with this severity there is always coupled 
an amount of dignity, and in some oases this dignity is very 
apparent. Length of line, firmness of drawing, severity of form, 
and subtlety of ourve, are the great oharaotoriatioB of Egyptian 
ornamentation. 

What does all this express P It expresses the oharaotor of 
the people who created the ornaments. The ornaments of the 
ancient Egyptians were all ordered by the priesthood, amongst 
whom the learning of these people was stored. The priests were 
the diotators to the people not only of religion, but of the forms 
which their ornaments were to assume. Mark, then, the expres- 
sion of the severity of character and dignified bearing of the 
priesthood: in the very drawing of a simple flower wo have 
presented to us the character of the men who brought about 
its production. But this is only what we are in the constant 
habit of witnessing, A man of knowledge writes with power 
and force; vhile the man of wavering opinions writes timidly 
and witlv feebleness. The force of the one character (which 
character has been made forcible by knowledge) or the weak- 
ness of the other is manifested by his written words. So it is 
with ornaments : power or feebleness of character is manifest 
by the forms prodnoed. 

The Egyptians were a severe people : they wore hard task- 
masters. When a great work had to be performed, a number of 
slaves were selected for the work, and a portion of food allotted 
to each, which waeT to last till the work was completed ; and if 
the work was not finished when the food was consumed, the 
slaves perished. We do not wonder at the severity of Egyptian 
drawing. But they wore a noble people — ^noble in knowledge 
of the arts, noble in the erection of vast and massive buildings, 
noble in the greatness of their power. Hence we have nobility 
of drawing — ^power and dignity mingled with severity in every 
ornament^ form wbioh they produced. 

Wo have thus noticed the general utterance or expression of 
Eg^tian drawing ; but what specific communication does this 
particular lotus make ? Most of the ornaments of the Egyptians 
— whether the adornments of sarcophagi, of water- vessels, or 
mere oharaui to be worn pendent from the nook — were symbols 
of some truth or dogma inouloated by the priests. Hence 
Egyptian ornament is said to be symbolio. 


* This can be seen growing in the waiar-tanks in the Kew Gardens' 
conservatories and in the Crystal Falaoe at Sydenham. 
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The fortuity of the NUe Talley was ohiefly due to tlie river 
annually overflowing its banks. In spreading over the land» 
ihe water oarried with it a quantity of rich alluvial earth, which 
gave fecundity to the country on which it was deposited. When 
the water which had overspread the surrounding land had nearly 
subsided, the corn which was to produoe the harvest was set by 
being cast upon the retiring water, through which it sank into 
the rich alluvial earth. The water being now well*nigh within 
the river-banks, the first flower that sprang up was the lotus. 
This flower was to the Egyptians the harbinger of coming plenty, 
for it symbolised the springing forth of the wheat. It was the 
first flower of spring, or their primrose (first rose). The pries t- 
kood, perceiving the interest with which this flower was viewed, 
and the watchfulness manifested for its appearance, taught that 
in it abode a god, and that it must be worshipped. The acknow- 
ledgment of this flower as a fit and primary object of worship 
caused it to be delineated on the mummy-cases and sarcophagi, 
And on all sacred edifices. 

We shall have frequent occasion, while considering decorative 
art, to notice symbolic forms ; but we must not forget the fact 
that aU good ornaments make utterance. Let us in aU oases, 
when beholding them, give ear to their teachings ! 


ELECTRICAL ENGINEERING.— 11. 

BT BDWABD. A. 0*K££FFB, B.£., A.S.T.E., 

l>emonstrator in Electrical Engineering, City and Guilds of London 
Technical College, Finsbury. 

XNTHODUCTOEY (continued). 

With the aoienoe of eleotrioity in the condition described in 
the first chapter, many attempts were made to utilise its pro- 
perties for conveying signals from place to place ; in other words, 
for conveying messages by means of telegraphy. It was possi- 
ble to send a current along the metal line joining any two stations, 
but the difiloulty which was experienced was to devise some 
apparatus by means of which the signal sent at one station 
could be translated into an intelligible form at the. other. This 
is now done by means of electro-magnetism ; but the connecting 
link between the electric current and the magnet had not been 
discovered at that time, and the principle of the eleotrolysis of 
water appeared to be the most suitable method for attaining the 
desired object. The two stations were oonneoted by means of 
twenty-six wires, the ends of whioh dipped into separate vessels 
containing acidulated water. If an oleotrio current was sent 
along any one of these wires it decomposed the water in the cup 
into which that wire dipped, and a quantity of gas was conse- 
quently evolved from that cup. If each of these cups repre- 
sented a letter of the alphabet, it is clear that by sending our- 
rents along the proper wires, in the proper order, a word could 
be spelt and signalled between the stations. By this means a 
message could be transmitted from one place to another by 
utilising the properties of the current as they were then under- 
stood. This process was necessarily slow and extremely uncer- 
tain, and it can easily be seen why this system of transmitting 
messages never beoame popular. The apparatus was costly, 
and the distance whioh a current, sufficiently strong to decom- 
pose water, could be sent was limited. Telegraphy under these 
circumstances was not to bo thought of, and before any sim- 
plifioations could be introduced to reduce its expense, the dis- 
covery of electro-magnetism provided a less costly, more rapid, 
and less complicated means for doing the same thing in a much 
more satisfactory manner. The above method is due to SOm- 
mering, of Munich, and was proposed by him about 1311. 

Borne connection had long been supposed to exist between 
electricity and magnetism, and though many experimenters had 
parched for the connecting link between them, it was not till 
the year 1819 that it was discovered by CErsted, of Copen- 
hagen. He took a magnetic needle, and delicately pivoted it 
so that it took up a position pointing north and south. He 
wen took a wire through whioh a current could be sent from a 
Voltaic cell, and held it directly above the needle in the direc- 
^ts length. On starting a current in this wire .ttie 
needle was immediately deflected from the position it origi- 
nally occupied, and turned through a certain angle depending 
upon the strength of the ourront, and it retained this position 
AS long as the onrrent flowed in the wire. If the wire had 


been placed immediately beneath the needle instead of above 
it, and the current sent in the same direction, the deflbotion 
would have been to the opposite side ; but if, while the wire 
was in this position the direction of the onrrent had been re- 
versed, the deflection of the needle would have been the same 
as in the first case. Combining these results it is clear that 
if a wire through which a onrrent is flowing is oarried above 
the needle, and the^ bent so as to pais book beneath it, both 
portions of the wire will tend to mi^e the needle deflect in the 
same direction, and this tendency will be double that whioh 
either portion of the wire alone would exert. This principle 
was oarried a stop farther by Sohweigger, who wound a wire 
into the form of a coil and plaoed the pivoted needle at its 
centre. The force of the current on the needle was thus mul- 
tiplied by the number of times which the wire was made to pass 
round the needle ; *.e., by the number of oonvolntions of the 
wire in the coil. This instrument is known as 8chweigger*s 
multiplier. This experiment clearly showed that some force, 
due to the existence of a current in the wire, was* acting on the 
needle, and endeavouring to make it take up a position at right 
angles to the direction of the wire. This instrument of 
Sohweigger* 8 provided the first simple means for measuring 
the strength of a current, and was the embryo form of the 
galvanometer. (Ersted’s disoovery provided the long-songht- 
for link connecting the piece of amber whioh, when rubbed, 
attracted light bodies, and the magnet o^ lodestone which 
attracted the piece of iron. Up to this time these two facts 
had been widely known, and to CErsted belongs the honour 
of having bridged the gap whioh separated them for a period 
of more than two thousand years. Now for the first time 
we have a simple way of translating messages sent along a 
wire in the form of an electric current from one place to 
another. Let us suppose that we have one of Schweigger’s 
multipliers at one end pf a line joining two places. If a 
current is sent along that lino and passed through the multi- 
plier, it will deflect the needle in a certain direction, and if 
the current is passed through in the opposite way, the needle 
will deflect in the other direction. It now only remains to 
moke up a code in which combinations of the deflections of 
the needle one way and the other, shall represent partionlar 
letters of the alphabet, and wo have a ready moans of spelling 
out the words in aooordanoo with this oode, and of trans- 
mitting messages whioh shall be intelligible at the receiving 
station. The apparatus required for this system is inexpensive 
and simple when compared with that required for doing the 
same work by means of eleotrolysis, and the rapidity with 
which messages oan be sent by a skilled operator is very much 
greater. A speed of forty words per minute can easily be 
obtained on a land-line by means of the hand, while a speed of 
four hundred or even five hundred words per minute is not 
considered high if the message is sent automatically. The 
distance whioh a message can be sent is practically unlimited, 
and a single line is all that is necessary to connect the two 
stations; in fact, two, four, or more messages oan bo sent 
along the same line in both directions at. the same time by the 
apparatus whioh is now in use, withont in any way interfering 
with one another ; and what is more surprising still, these tele- 
graph lines oan also be utilised for conveying telophonio messages. 
Withont any further great discoveries in eleotrioity, telegraphy 
in a commercial form was undoubtedly possible, but it is 
equally certain that it never could have attuned the prominent 
position whioh it now holds, had it not been for the discovery 
which almost immediately followed the one whioh has rendered 
(Ersted’s name famous ; this was a rapid and easy method for 
magnetising iron. 

The first suggestion for utilising CErstod's discovery for 
telegraphic purposes appears to have been made by Amp6ro in 
1820. He proposed to use twenty-four pivoted needles, which 
were to be acted upon and deflected by tweniy-four ourrents, 
each requiring a separate oondnoting wire. In 1833 Baron 
Schilling, in Russia, constructed a piece of apparatus in which 
the deflections of a single needle served to translate a message. 
Steinheil, of Munich, seems to have been the first to construot 
a code or telegraphic alphabet, in whioh each letter is repre- 
sented by some combinarion of two elementary signals, and in 
1837 be pointed ont the important fact that it is unnecessary 
to use two wires to oonv^ signals ; a single wire oonneoted 
to the earth at both ends answers quite as well. He also 
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iHTented a method of printing the message sent on a strip of 
paper, and to him is dne the establishment of the first tele- 
graphio system of oommnnioation on the Continent, while Morse 
in America, and Wheatstone and Cooke in England, must be 
regarded as the pioneers of oommeroial telegraphy in their 
respootire oonntries. The name of Sir William Thomson in 
oonneotion with sobmarine telegraphy cannot be overlooked. 

Many attempjtshad previonsly been made to magnetise iron 
and st^ bars; ’by passing currents in various ways through 
them, all of which failed ; but CErsted’s grand discovery gave 
the clue as to the proper way to do it. In the same year that 
his discovery became known, both Davy and Arago solved the 
problem of how to magnetise an iron or steel bar by means of a 
current. Instead of passing the current through ^e bar they 
wound a wire in the form of a spiral round it, and sent a our* 
rent through this wire. The bar forthwith became a powey- 
ful magnet, and in the case of iron, when the current ceased, 
the bar immediately lost its magnetic properties. The magnets, 
which can be thus made, are far more powerful than any which 
can be made by any other known means, and what is of far 
snore importance, they are perfectly under control, losing their 
magnetism at the same instant that the current stops ; and 
when the material is soft wrought iron, there is scarcely any 
trace of residual magnetism left in them. A magnet of this 
form i^ called an eUctro^magnett and much credit is due to 
Bturgeon for the various improvements which he made in it. 
The value of these improvements will be better appreciated 
' vhen we consider that there is scarcely a piece of electrical 
machinery at present in use which does not contain as one 
of its vi^ parts the electro-magnet in some form or other. 
Dynamo-machines, arc-lamps, motors, electric-bells, telephone 
transmitters and receivers, fire-alarms, and telegraphic re- 
'soivers, all contain in a more or less disguised form the eleotro- 
fnagnet. It is an instrument so absolutely under control, and, 
when well designed, so capable of exerting great force, that we 
may look upon the time of its introduction as the date which 
marks the origin of electrical engineering proper. An electro- 
magnet is usually made by taking a coil or bobbin of wire 
through which a current is fiowing, and introducing a piece 
of iron into it so as to form a core. The whole arrangement 
then acts in every respect like an ordinaiy magnet, but its 
strength depends upon the strength of the current and the 
()aality of the iron. The direction of the current in the coil 
determines which end of the iron is to be the north and which 
the south pole. If the direction of the current is reversed, the 
polarity of the iron is reversed at the same moment. It is 
found that either two north or two south poles will repel one 
another, while a north and a south always attract one another. 
Dealing with an electro-magnet, it can thus be made either to 
attract or repel the pole of an ordinary magnet placed near it, 
by making the current circulate in the proper direction through 
the coil. ^ Can anything, then, be simpler than to construct a 
machine in which the pole of an ordinary magnet is placed near 
that of an electro-magnet, and is attracted and repelled alter- 
nate as the current is reversed in the coil P A reciprocating 
motion of the magnet is thus procured, which is precisely 
similar to that which takes place in the cylinder of the ordinary 
steam-engine ; in a like manner, therefore, it con be made to do 
useful work by a suitable system of gearing. A machine of 
this kind is called a motor, and the principle just described 
applies to the oonstruction of every type now in use ; but it 
must be clearly borne in mind that an electro-magnet can in 
every case be substituted for an ordinary one, and usually with 
advantage. In modem machinery of this kind, the ordinary or 
permanent magnet has become nearly obsolete ; the electro- 
magnet possesses such enormous advantages over it that it has 
almost entirely taken its place. 

Jacobi, of St. Petersbnrg, constrocted an engine of this kind 
m 1834,^ and five years later he propelled a boat by its means. 
Henry, xn 1831, ^d Bitohie, in 1833, also constructed engines 
on the same principle, and though the attempt was made by 
many to construct one which would be a oommeroial success, 
still they all .mot with the same fate— complete failure. There 
were many highly-ingonions pieces of apparatus oonstruoted, 
but they never got beyond the stage of being interesting 
working models. As a matter of fact, it would have been 
impossible for their efforts to have ended in anything but 
absolute failure. The reason is not far tp se^. Dx order to 


! construct a powerful electro-magnet, which is i^solntely 
essential for a powerful machine, a strong current is necessary. 
This onrrent was supplied by the oonsumption of sine in the 
Voltaic cell ; in other words, zinc was the fuel which was con- 
sumed or burnt up in the cell in order to supply the current to 
the motor. Let us compare it with the fuel which is consumed 
in order to supply steam to the steam-engine. A pound of ooal 
I is capable of ^ving out about four times aa much work, when 
burnt, as a pound of zinc, and zhxo is about fif^ times as dear 
aa coal ; therefore, for the same amount of money, we can get 
about two hundred times as much work from ooal as from zino. 

^ This is on the supposition that both methods of working are 
I equally effloient ; but it is found in praotioe that the electrical 
method of consuming the fuel has an advantage of about lour 
to one, which leaves a final advantage of abont fifty to one in 
favour of coal in the steam-engine agi^st zinc in tiie cell. It 
was olearly impossible that the electric motor, under the then 
existing oiroamstanoes, conld e%^er compete commercially with 
the steam-engpne. This was the all-important point which the 
experimenters at that time did not realise. The one thing that 
was wanted in order to render the solution of the problem 
possible was a cheaper method for generating a current. This 
the progress of the soienoe has now supplied by the evolution 
of the dynamo-machine ; and the suooessful application of the* 
motor in the industries has now become an aooomplished fact. 
It is true that the power which can be obtained from the motor 
comes originally from the energy stored up in the ooal. Thoro 
is necessarily a certain loss in each of the ohonges which the 
energy has to undergo, but, oomplicatod as the process may 
seem, it will compare most favourably with that which ia 
adopted in order to drive the motor by a current generated! 
by the oonsumption of zino in the Voltaic cell. 


AGRICULTUEAL CHEMISTRY.— II. 

BT SIR CHARLES A. CAMEBOH, M.A.^ FH.D. 

CHAPTER II.— THE ELEMENTARY PARTS OP PLANTS. 

The ahnost infinite variety of form, colour, weight, and every 
other attribute of the multitudinous objeots in the vast store- 
house of Nature, naturally suggrests to most minds the idea that 
the number of raw materials from which they have been elabo- 
rated must neoessarily be very great. We have, however, shown 
in a previous chapter that such is not the ease, and that the 
number of first principles is very small. A mass of any one 
of these first principles or elements is, there is good reason to 
suppose, an aggregation of minute particles, which, from a 
belief in their indivisibility by chemical or physical means, aro 
termed atoma.* In a strictly mathematioal sense we cannot 
consider atoms to be indivisible, because matter, however 
minute in quantity, poBsesses weight, length, breadth, thick- 
ness, and extension. An atom, however, may be regarded as 
an aggregration of innumerable smaller particles, which canxwt 
bo separated from each other, at least by any power at man’s 
disposal. The Greek philosopher, Democritus, by an ingrenions 
illustration exhibited intelligibly the impoBsibility of dividing 
an atom. He likened the matter of which onr earth is oom- 
poBod to the starry firmament, each member of which being so 
small compared with its distance from the others and the 
immensity of the universe, may really be termed an atom; 
for although it is composed of a number of partioles of 
matter, yet all these partioles are bound together by a 
force which no external infiuenoe can affeot. Neither can its 
form or its distanoe from the other heavenly bodies be 
altered. From this point' of view the universe may be re- 
garded as a vast aggregation of indivisible and unohangeable 
atoms. 

As in the inanimate the apparently insig^ifioant atom ia 
believed to play the most important part, so in the animate 
creations we fi^ the essential fundtions of life discharged in 
those parts of animals and plants which are apparently so low 
in the scale of organimtion as to be all but unworthy of our 
attention. Animate as well as inanimate matter is composed 
of small and, in a phymologioal sense, indivisible atoms. As 
an amorphous (uncrystalline) mass of mineral matter possesses 


* From the Greek words, a, a privatiTe partioles sad Umm, l cot 
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onW iih« properttes whioh dietingnisli » (ingle atom of i*. ■<> 
are there immense masses of liring matter (simple oellolar 
olante) composed of organic atoms, each of which possesses all 
toe properties whioh we recognise in their aggregated nnity. 
And affain, aa the grouping of atoms of a paxtionlar kind of 
gubitanoe eay carbon — into crystalline masses causes them 


are numerous points of resemblance between the two classes ^ 
atomS) there is believed to be this important differmioe th® 
inCrganio atom is conceived homogeneous, whereas the atgns 
of organised structures are, so to speak, heterogeneous 
certain botanical microscopists affirm that the cell takes iwi 
origin from an exceedingly minute and homogeneous particle ol 





L Examples of Fobmb ASSUinsD »t Veoetablb Cells. H. Examples of Forms assumed bt Woodt Fibre. 
Forms assumed bt Starch Grakulss. 

Bef. 


III. Examples of 


2« arrowroot storoh ; 2, wheat starch ; 3, rice starch. 


to acquire in combination properties which individually they sphenoal form, which they have termed the cell It is, 

did not possess, so the various arrangements of atoms of organic however, not probable that this germ is the ultinmte atom of 
matter give rise to struotuies whioh manifest properties un- vegetable substances, inasmuch as it is easily tnwu^ 

recognised in the simple atom. the miorosoopc, whilst the same instrument reveals the existent 

The organic atom is simply the nucleated cell of the vege- of plants so minute that hundreds of m^ons occupy the 
table physiologist. Its external conaguration is probably limited space of one cubic inch without interfemg witn ea^ 
“similar to that of the mineral atom, and as the latter gains in other I As each of these minute orgamsms must be compost 
weight at least in different inanimate substances, so does the of numerous parts or atoms, excessive minuteness ot the laxw 
former vary in size in different animate bodies. Although thexe i presents an impassable barrier to all save speculative inquiries 
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fdi^^e to tlioir size and lorm. The cell may, therefore, for the 
pforpoiea of research, be regarded as the olemontary organ or 
atom of organised straotnres. 

The cell consists of a little bladder formed by an elastic trans- 
parent and extremely thin membrane. The cavity contains 
semi-liquid and sometimes gaseous matters. The wall of the 
cell is apparently devoid of definite structure ; it is composed 
chiefly of cellwloBe, a substance resembling starch in composi- 
tion. On the inner side of the cell there is a thick, mucilage- 
like substance, termed ^protoplasm or formative layer. In the 
cell there is a small spherical, termed the nucleus, which 
closely invests a smaller body — according to some, a cavity — 
called the nucleolus. The nucleus and the protoplasm are 
destined to form into new cells. 

The shape of cells is influenced by the condition under which 
they are developed. When their growth is unopposed, or when 
they are exposed only to gentle and equable pressure, their form 
is most frequently that of a sphere or spheroid. Owing to 
unequal pressure, ceUs, however, are found to present a great 
variety of forms, many being tube-like. The engraving in the 
preceding page (Fig. 1.) exhibits the varied forms assumed by 
cells. 

Wood is in grreat part composed of tube-like cells. When 
Hie tubes are very long and narrow, they are termed vessels. 
Cells vary much in size ; sometimes they are easily recognisable 
by the unassisted eye ; but in general they are at least only 
the one-thousandth of an inch in diameter. 

In the lowest forms of vegetable life the colls are all but 
unconnected, and all perform the same functions ; but in the 
higher forms of plants they coalesce and form structures, each 
of which discharges a different function in the economy of the 
plant. The least organised plants are termed collulars. In 
these lowly forms of vegetable life the cells touch, each at a 
limited number of points, forming intermediate spaces, termed 
intercellular canals or passages. Compact tissue is produced 
when the cells lie close together. In the higher plants there 
ore both loose and compact tissue. The majority of physio- 
logists believe that there are numerous minute pores in tho cell- 
waUs ; a very probable hypothesis, for otherwise it would bo 
difficult to account for the fact i^t gases and liquids pass 
through the coll-waL's. 

The important food substances, stevch and albuminoid bodies, 
are found in cells. The former, according to Mulder, is com- 
posed of nuclei, in which matter, destined for tho nutrition of 
the offspring of the plant is stored up. Tho engraving (Fig. 
III.) represents the various appearance of some of the starch 
granules contained in cells. In the cells wo also find tho 
matter termed chlorophyllf* which confers upon plants their 
green colour. Tho circulation of the juices of tho plant is 
carried bn by moans of the cellular tissue, and in thousands 
of species tho circulation is solely carried on through this 
agency. Owing to the looseness of the cellular tissue, and 
to the tenacity of tho individual cells, these struoturos render j 
plants strong and elastic at the same time. j 

The substance of which cell tissue is formed is supposed 
to consist of extremely minute round bodies placed side by 
side, leaving very minute spaces between them. In young cells 
the tissue or membrane is extremely thin, and is translucent ; 
but after a time it generally becomes thicker and more opaque. 
Chemically, the membrane is composed of carbon, hydrogen, 
and oxygen, and is almost identical in composition with starch. 
By chemical treatment it is readily converted into a species of 
sugar. In certain parts of numerous plants the cell-wall is 
lined with a very hard substance, termed sclerogeUf which 
appears to be almost, if not quite, identical in composition with 
the cell-wall. The hardness of various kinds of nuts is duo to 
the sclerogen in their cellular tissue. Tho hardness of wood is 
in great part due to the sclerogen or lignine contained in its 
cells. Cellulose occurs nearly pure in elder pith, cotton, and 
linen. ^ It constituted the celebrated papyrus or paper so 
extensively employed by the ancient Egyptians and Cbreeks. 
Examples of varieties of plant-fibre are given in Fig. H. in the 
preceding page. 

Msmentary fibre is identical in composition with elementary 
membrane, on the side of which it is deposited from tho proto- 
plasm. It is solid, body generally rounded, and almost adways 


translucent or transparent. Its function is to sustain the 
elementary membrane, and to prevent any of its folds from 
coming into actual contact with each other. In >i&ro-oeUular 
tissue we find cells having one or several fibres wound in a 
spiral direction round its inner side. As the sides of oells con* . 
taming fibres are kept well apart, they are generally found ta 
contain air. 

Woody fibre consists of long tubes (formed from oells) having 
taporing extremities j their ends overlap each other. ^ They are 
more or less filled with sclerogen or lignine. This kind of 
tissue is particularly abundant in forest trees. 

Yascular tissue is found only in the higher forms of vegetable 
life. It consists of long unbranched tubes or duots, which, 
however, are only a series of colls opening into each other* 
These tubes ore believed to be chiefly employed in conveying 
air throughout the vegetable mechanism, and they may be 
regarded as somewhat analogous to the lungs of animals. 
Woody tissue is a species of vascular tissue, and so also are 
the branched tubes termed lactiferous vessels, in which tho 
milk-like liquid found in certain plants is contained. 
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LEAD. 


This metal, the heaviest of the baser metals (sp. gr. 11*45), ia 
soft, easily fused, and very slightly sonorous. It is largely used 
in roofing, lining, plumbing, and bullet and shot making. It 
also enters into the composition of pewter, solder, and type- 
metal $ and in its chemical combinations it forms litharge (the 
oxide), a yellow paint ; red lead (red oxido), a cheap substitate- 
for vermilion ; white load (carbonate), manufactured on an 
immense scale for the painter ; and sugar of lead (the aoetate),. 
of groat value , to tho chemist. Those substances are highly 
poisonous. 

The most abundant and important of the ores of lead is 
galena^ a sulphide of tho metal, yielding 86 por cent, of lead,, 
and almost always containing silver, which is separated when 
tho quantity is not loss than four ounces to the ton. The 
other oros ore s the carlonate of lead, tho vanadiaic of lead, 
tho cupreous sulphate of lead, and the arsenio-phosphate of lead. 
Galena is found very abundantly in tho limestones of tho Car- 
boniferous series, and to a loss extent in older rocks. Its 
reduction is effected by pounding, washing, and smolting in a 
reverberatory furnace. Lead-mining is carried on in Britain 
(Northumberland, Cumberland, Du-ham, Derbyshire, Flintshire, 
Cornwall, Isle of Man, and Load-hills), also in Spain and Portu- 
gal, France, Belgium, the Harz Mountains, Saxony, Bhino 
Provinces, Bohemia, Carinthia, Hungary, Norway, and Sweden; 
Altai Mountains, China, and Indo-Chinese Peninsula, South 
Africa,' Peru, California, United States, and Canada. 

Tho annual supply of lead from the different countries of 
Europe is — 


Tons. 

Britain 51 ,000 

Austria (with litharge) 6,800 
Zollveroin .... 88,800 


Tons. 

Spain ...... 313,000 

Bwedon 500 

France (metriquintals) 20,000 


ZINC. 

This metal, of a bluish-white colour, and specific gravity 
about 7, has tho remarkable peculiarity of being malleablo and 
ductile only between the temperatures of about 250® and 300® 
Fahr., and of retaining its m^eability when cooled. It forms 
a cheap substitute for many of the applications of lead, suoh 
as tanks, pipes, roofs, and for bronze in ornamental workSk 
It enters into the composition of brass, and is now exten- 
sively employed in domestio manufactures, printing, engraving, 
sheathing of ships, coating of galvanised iron, oleotricsl appa- 
ratus, and medicine. Its oxides form valuable white and grey 
paints. 

The principal ores of zinc are, calamine, a carbonate (ZnO.COJ? 
blende or blackjack, a sulphide ; and a silicate, or electric calom 
mine. They occur often in association with the ores of lead, 
and frequently with the ores of copper and tin, chiefly in lime- 
stones of the Carboniferous and Devonian systems. The pure 
metal is obtained by roasting and distillation, as it is very 
volatile at a red heat. The ores are largely worked in Belgium, 
Silesia, Bliine Plrovittoes, and Hungary. &no is alio produced 


* From the Greek ohloros, green, and phylUm, a leaf. 
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Jn Flint«hir«, Derbyahiro, Cumberland, Cornwall, Deron, Ire- 
land, Wales, Isle of Man, Sweden, Bohemia, Carinthia, Spap, 
the Harz, Canada, New Hampshire, and New Jersey, in which 
last place metal occurs in the mineral red zinc ore, an 
oxide of zinc. 

The average annual production of zinc from Europe and the 
United States is : ^ ^ 

Britain 24,460 Sweden (ore) • . . 10,000 


Silesia 86,000 Zollverein .... 76,000 

Austria •••«.. 1,500 Sel^iuixi • . . < . 16,000 

Spam ...... 1,000 United States . . . 5,000 


ALUMINIUM. 

This metal is white, resembling silver, and is of low specific 
gravity (2*6). It exists abundantly in Nature as the motalllo 
base of argillaceous and folspathic rocks, which are silicates of 
alnmina, and as sulphate of alumina, an important constituent 
of the ^uma. The pure metal has lately been obtained in 
Quantities available for manufacturing purposes ; and from its 
extreme lightness, its freedom from tarnishing, and its sono* 
ronsness, it promises to become a most useful product. The 
metal can be separated from the earth alumina, or from 
the chloride ; but it is obtained economically only from 
Cryolite, a double fluoiido of aluminium and sodium, found in 
Greenland. 

ANTIMONY. 

Antimony is white and brittle, with a specific gravity of 6*8. 
As a simple metal it is not used, but it forms valuable alloys. 
With lead and bismuth it is largely used in the preparation of 
type-metal, which consists of 6 parts of lead and 2 of anti- 
mony ; with lead and tin for plates on which music is engraved, 
and with the same for stereotype metal. A small proportion of 
antimony combined with tin forms hard pewter j and with tin, 
bismuth, and ooppor, the white or Britannia metal. It is also 
very extensively employed in medicine. It occasionally occurs 
in a pure state, but usually combined with sulphur, or sulphur 
and lead ; it is also found in combination with arsenic, and with 
nickel, silver, and copper. 

Orey antimony, a tersulphide, affords nearly all the antimony 
of commerce. It is found in Hungary, Saxony, and the Harz, 
Belgium, France, Italy, Spain, Siberia, Mexico, Malacca, the 
Indian Archipelago, and was at one period produced in consider- 
able quantities in Cornwall and Bumfriesshiro ; but now the 
principal part of our supply of antimony is from Borneo and 
the East Indies. 

Central Italy fnmishos 700 tons ; Spain, 58 tons. 

BISMUTH. 

Bismuth is a brittle reddish-white metal (sp. gr. 9*9) which 
fuses at a very low temperature. It fuses still lower in com- 
bination with load and tin, with which it is used as a solder, 
and with which it also forms the metal called “Newton’s,” 
fusible at the boiling-point of water. It enters, too, into the 
oomposition of Britannia metal, pewter, and type-metal, and is 
of some use in medicine. It is found, tolerably pure, usually 
associated with ores of tin, copper, and silver, in Cornwall, 
France, Bohemia, Saxony, and Sweden. 

COBALT. 

Cobalt is a white, brittle, and very tenacious metal. Its 
specific gravity is 8*5, and it is strongly magnetic. It is very 
useful in its chemical preparations as producing fine colouring 
substances, chiefly bine, such as smalts, cobalt-ultramarine, and 
zaffre or safior (a oorruption from sapphire). The principal 
ores are cobalt-glance, a oombination with arsenic, the black 
oxide, and oobalt-bloom ; they are found in Norway and Sweden, 
Saxony, Hnng^, Rhenish Prussia, and the United States. 
The annual yield of zaffre or smalt amounts to, in Saxony, 

8.000 owt. ; Bohemia, 4,000 cwt. ; Prussia, 600 owt. ; Norway, 

4.000 owt. 

NIOHBL. 

This metal is also found combined with arsenic. It is white, 
mailable, and but slightly affected by air and moisture. Its 
speoific gravity is 8*5, and it is magnetic until subjected to 
great heat. With ooppor it forms German silver, and its 
alloys form excellent bases for electro-plating. A fine green 
eolour is obtained from its preparations. Nickel has been 
used in the United States for coin. Its chief ore, “kupfor- 


niokel” or spoiss, often associated with cobalt, is found in 
Westphalia, Saxony, Hesse, Hungary, and Sweden. Nickel 
occurs in meteoric iron. 

ARSENIC. 

Metallic arsenic is grey, highly lustrous, cr 3 rstal]ine, and 
brittle (sp. gr. 5*7). The arsenic of medicine is the white oxide, 
or arsenious acid, a virulent poison; this is also largely em- 
ployed in preparing some of the finer skins and furs of Russia. 
This metal enters into the composition of some valuable pig- 
ments, especially a brilliant green and an orange rod. It is 
also combined with lead in the manufacture of shot. Arsenio 
is rather widely diffused ; and although sometimes pure, it is 
usually found combined with other metals, with sulphur, and 
with oxygen. The chief amount is obtained from the arsenides 
of iron, nickel, and cobalt, and the supply is chiefly derived 
from Bohemia, Hungrary, Saxony, Salzburg, Transylvania, Rhine 
Provinces, and France. Realgar, a red sulphide (AsSj), is found 
in Bohemia and Saxony; and orpiment, another sulphide (AsS,), 
a fine yellow, in China and South America. 

Arsenio is also procured from the tin mines of Cornwall ; 
the annual produce of the metal from this source being more 
than 1,000 tons. 

MANGANESE. 

Manganese oxidises at ordinary temperatures, and is never 
used in the arts in the pure state. It is of a reddish hue, 
brittle, so hard as to soratoh glass, and has a speoific gravity of 
7*13. The binoxide (MnO^) is an important article of com- 
merco, largely employed in glass manufacture and for colouring 
pottery, and by the chemist in the preparation of oxygen. 
Sulphate and chloride of manganese are used in calico printing : 
the former gives a valuable brown dye. It is found that a 
slight addition of this metal muoh improves the cast st^el made 
from British iron. The principal ores of manganese are P^/ro- 
lusiie and Psilomelane, both binoxides, the former anhydrous, 
the latter containing 1 per cent, of water. Wad, an impure 
manganese ore, may be employed, like the preceding, in bleach- 
ing, and also for umber paint. Manganese ores are procured 
from the Harz Mountains, Piedmont, France, Spain, Nova 
Scotia, Somerset, Devon, Isle of Man, and were formerly ob« 
tained from Cornwall, Itidy, etc. Britain produces 5,000 tons. 

CHROMIUM. 

This metal, in its pure stato brittle, difficult of fusion, and 
like iron in colour, is important in the arts for the beautiful 
colours produced by its combinations. The most important of 
these are the sosqnioxide of chromium, a fine green, bichromate 
of potash, and bichromate of lead, yellow and orange. The 
principal ores are chromio iron (ohromato of iron) and ohromate 
of lead, the former occurring usually in serpentine rooks in the 
Shetland Isles, France, Norway, and the United States, and the 
latter in Siberia, the Urals, and Brazil. 

TECHNICAL DRAWING.— IV. 

LINEAR DRAWING BY MEANS OF INSTRUMENTS {continued). 

Returning now to the practice of drawing by means of 
instruments, a useful series of examples is here given for the 
student’s use. 

The subject of which Fig. 12 is the plan and Fig. 13 the 
section, is a network platform for a foundation where the soil is 
of a soft character, and liable to be pressed outward by the 
weight resting upon it, but still not sufficiently so to render 
absolute sheet-piling necessary. Strong piles (cccc) are driven 
down to the firm soil, and these are connected by horizontal 
planks (e e), placed on eaoh side and bolted through the 
piles. 

Now in the space left between these planks a wall is formed 
of timbers, dddd, which ore driven down by hand-ramming, 
not extending downward further than the circumstanoes may 
render necessary. 

These planks are jointed in various ways, with some of which 
you will become acquainted in the study of “Building Con- 
struction ;” Fig. 14, rebated ; Fig. 15, splayed at one edge and 
recessed at the other ; Fig. 16, ploughed and tongnod. In the 
example, the tongne is shown square and tapered, and in Fig. 
17 it is worked in the dovetail form, whilst Fig. IM shows the 
planks joined by an inserted tongue. 
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KoW) to draw this series of examples — 

First draw the piles, cece (Fiif. 12), and oontinne the lines 
forming the edges of them, so that these may give yon the 
sides of the piles shown in the section (Fig. 13). 

Next draw the top of the wall of planks between the piles, 
and in the example it will be seen these are one-third the thick- 
ness of the piles ; therefore, divide the edge of one of the piles 
on each side into three eqaed parts, and nse the middle division 
for the thickness of the wall. This thickness, again, projected 


** Building Oonstmotion.** The outs (Figs. 19, 20, 21, and 22) 
are here introduced in order that they may be us^ as studies 
for drawing and shading. It may, however, be well to inform 
yon that the points of the single or comer piles (Fig. 19) are 
four-square, whilst those of sheet-piles are only bevelled from 
two sides, and the edge is out so as to slant downwards 
(Fig. 20). 

Piles are generally worked of square timber, and if the trees 
admit of it, those which are to be rammed entirely into the 



upwards, will give the elevation of the edge of the planks (d d). 
Now outside and inside of the piles draw the ^ng-planks, 
eees, and project them on to Fig. 13, eeee, whore it will be 
evident they will appear as sections. 

Next draw the lower course of sleepers, aaaaa, and the 
elevation of them shown at a, in Fig. 13 ; then follow in their 
order the upper course of sleepers {hhh b), their projection in 
seciaon (b 6 b b), and in these last the flooring of the platform 
which has not been shown in the plan. 

The difference in the form of the piles when used separately, 
or at angles of foundations, and those called sheet-piles, will 
fully described when treating of the principles of foun^tion in 


grrmwd are mostly slightly tapered downwards idiroughout their 
whole length, and are rfiod with iron at their points (unless the 
piles be small and the ground not very hard) ; and an iron ring 
hi placed around the upper end, to prevent the piles from 
splitting by the violence ^ the blows necessary to force them 
down. 

Sometimes, however, the piles which are to be driven quite 
below ground may be used wiihout squaring ; two illustrations 
of such (Figs. 21 and 22) are here given, to afford practice in 
shading cylindrical bodies. 

Having pencilled and inked the outlines of the four piles 
shown in the example, wash over the part representing wood 
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with a pale tint of raw sienna. the two square piles this 
WB^ may be perfectly flat, but in the round piles the tinting 
muat be in aooordanoe with the form. 

It will be evident that when a oylindrioal body is placed up- 
right, the light win fall in a stream straight down the part 
which projects the most, and this part must, therefore, be 
preserved as bright as possible ; m fact, there must be a per- 
fectly white streak extending all the way down. 

To effect this, you must use two brushes, the one rather 
larger than the other. Take some colour in the smaller one, and 
dip the other in water ; touch the points of both on another 
piece of paper, so that they may not be overcharged, and by 
gently turning each round as you draw it along the waste paper 
yon *^1 bring the hairs to a point. 

Now commence by drawing the brush containing the colour 
down the left aide of the round pile, carefully avoiding passing 
over the line by which it is bounded. In this way colour a 
strip about one-eighth of an inch wide ; do not leave a pool of 
colour, but merely tint the paper. Before this has time to 


The ranm^, which is made of beech or other hard wood, 
should be tinted of a lighter colour tl^t given to the 
guide-posts. 

The pile is to be coloured and shaded as in the previous 
examples, but you will observe that there is on it the shadow 
cast by the rammer above ; this is called the “ cast-shadow,” 
and must not have its lower edge smoothened off, os the sharp 
edge of the bottom of the rammer will cause the shadow oast on 
the oylindrioal pile to be very well defined. 

Fig. 24 is the front elevation of the same object, and will 
give fu^er practice. The student is urged to observe the 
forms and tones of shado^ cast by different objects ; this he 
can easUy manage — a cubical piece of wood or two, and a cylin- 
drical piece, may be disposed in hundreds of ways, each affording 
a new study, ^niia is the only way to gain real practice ; for so 
long as the pupil only copies, he is merely repeating other men’s 
works, and wiU only gain manu a l practice ; whilst by stud/ying 
a/nd vndking his own observations he will he Ici/ying up d store of 
iitformdUon of which he will hourly find the vdlue. 



become dry, take your water-brush, and passing the point down 
the inner side of the part you have coloured, soften the edge 
away so that the colour may merge gradually into the bright 
white. Leave about the eighth of an inch quite dry, then pass 
your water-brush down, and next to this the colour, so as to 
produce the effect as on the other side ; the colour becoming 
gradually fuller as it becomes further removed from the 
light. 

WhiUt the dark strip is still moist, wash off its edges, and 
merge it off into the local colour of the pile, and this should be 
aone so gradually that as you ought not to be able to discover 
where the white light merges into the raw sienna, so you should 
not be able to discern the meeting of that colour witii the sepia ; 

1 ^'ot work your brushes up and down so as to produce a 
woolly effect. The shading and tinting ^ould bo bold 
iMd clear : a little practice will enable you to accomplish this. 
You are therefore advised to repeat such studies until you 
su^eed. The iron shoo of the pile will, of course, be coloured 
with pale indigo. 

Pig. 23 will afford another example for colouring and shading, 
rhe drawing reprcMsents the side elevation of the monkey (or 
jarmer) and guide-posts of a simple pile-driving maohme, with 
head of a round pile. 


The shading is to be done in sepia ; in the square piles this 
will simply consist in tinting the shaded sides with a fiiat tint. 
In the round piles, however, the shading must be managed in a 
similar manner to the colouring; dipping your mid^e-sized 
brush into the sepia, colour a strip the whole length of the pile. 
This darkest part, however, you will observe, is near, but not 
really on the outer edge of lie eylindrical body. Further to 
the right side, you will notice the shade becomes lighter, and 
this is called the refiected light. 

It may happen with beginners that the tints may not dry 
quite as smooth or as flat as they expected — irregularities, dark 
patches, or light spots, may appear. In the one case, a brush 
just moist should be worked over the dark part, by which means 
some of the superfluous colour may bo removed. In some cases 
it may be necessary to rub the spot with a soft piece of india- 
rubber or bread. If neither of these processes is successful, a 
sponge should be drawn over the whole, and the work repeated 
when dry. In case of light spots appearing, they should be 
touched with the point of a brush containing colour ; but care 
must be taken t^t only the light spot is touched. This is 
called stifling, and should only be ns^ as a remedy. Tinting 
and shading should idwiuTS be done in as free and bold a manner, 
as possible. 
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VEGETABLE COMMERCIAL PRODUCTS.— II. 

FABINACBOUS PLANTS (conitnued), 

(c.) The LegumUioscB {Pulse Fam/ily), 

This great natural family of plants contains numerous species 
with wholesome nutritious sec^s, which, under the general term 
X>ulse, form important articles of commerce. These legumes 
comprise, in temperate climates, the Common Pea (Pisum 
sativum^ L.), the Horse Bean {Faha vulgaris, Mocnch), the 
Haricot or l^ench Bean {Phaseolus vulgaris, Sari), the Lentil 
(E)'vum lens, L.) j and, in the tropics, the Ground Nut (Arachis 
hypogcea, L.), the Chick Pea {Cicer arietinum, L.), and the 
Carob Bean, or St. John’s Bread {Ceratonia siliqua, L.). 

The legumes of temperate climates are familiar plants, and 
their mode of culture well known. Peas, beans, and lentils are 
grown in great quantities in Poland, Prussia, Pomerania, Den- 
mark, East Friesland, and other countries. They create con- I 
riiderable business in the large sea-port towns on the Baltic I 
and German seas, whole cargoes being brought to those places 
as proTisioms for ships. In 1882, 2,114,950 cwt. of peas were j 
imported to this country, chiefly from Prussia and British North j 
America; and the same year, 2,090,782 cwt of beans were 
received, of which 1,243,016 cwt. were from Egypt, and the 
remainder from other countries. The tropical species of pulse 
are not so well known, and require description. 

Gbovnd Nut {Arachis hypogcea, L.). — T^is plant is culti- 
vated in America, in the Southern States, and forms an impor- 
tant article of food in many parts of Africa. It is a low, 
creeping plant, indigenous to the western coast of Africa, with 
yellow flowers, having the general appearance of a dwarf garden 
I>ea, although more bushy. After the flowers drop off, and the 
pods begin to form, the stalk or support of the pod elongates, 
thrusting the pod under ground, where it comes to maturity. 
The seeds contain a considerable quantity of oil. They are 
roasted in the pods, and are sold in the United States in largo 
quantities, being a favourite dainty with children. This plant 
is very proliflc, and in warm climates requires but little care 
and attention in its culture. In the green state it is greedily 
devoured by cattle. 

Cabob Bean, or St. John’s Bbead {Ceratonia siliqua, L.), — 
The carob tree is peculiarly Oriental, and abundant in Palestine. 
It has* large pods, the seeds of which are enveloped in a sweet, 
nutritious pulp. It is supposed to bo the locust bean on 
which St. John the Baptist fed when in the wilderness. This 
tree is common in the Levant and the south of Europe, where 
its beans are used as food. Most of the carob beans imported 
into this country come from Sicily and Naples. During the 
Peninsular war the horses of the British cavalry were frequently 
fed on these beans. 

Chick Pea {Cicer arietinum, L.). — This plant is a native of 
Southern Europe and the East. Its seeds are parched, and in 
Spain are sold in the shops for food. They are also abundant 
in the bazaars at Calcutta, and, under the name of gram, are 
sold as food for horses. Every part of this plant exudes 
oxalic acid, and it is used by the ryots of India in their curries 
instead of vinegar. When roasted, it is said to sustain life 
longer than other food in similarly small quantities; hence 
it is much used by travellers through the deserts, where the 
carriage of bulky food is inconvenient. 

XT. THE STABCHBS OF COMMEBCE, AND THE PLANTS WHICH 
PBODUCB THEM. 

Starch is an abundant jproduct of the vegetable kingdom, and 
is in large demand for domestic and manufacturing purposes. 
It exists in all mealy farinaceous seeds, fruits, and roots, differ- 
ing in its appearance according to the plants from which it is 
obtained. Starch is the nutritive matter of plants, and is 
changed by light to chlorophyll, and by oxygen to a sugary gum 
called diastase, which is carried into the circulation for the 
support of the new growths of plants. Starch is turned blue 
by iodine, an excellent test for detecting its presence in plants. 

The Arbowboot Plant {Maranta arundinacea, L. ; natural 
order, Marantcusece) is a native of tropical America and ^e West 
Indies. In arrowroot, tapioca, and sago, starch exists in a 
state of almost absodute purity. The arrowroot plant has 
ihrge, herbaceous, very handsomely-striped leaves, and tuberous 
roots, which abound in feoula or starch. These roots are 
bruised, thrown into a vessel of water, and well stirred, when 


the fibrous portion oomes to the surface, and is rejected, the 
starch settling at the bottom of the vessel as soon as the fluid 
is permitted to rest. This, after repeated washings, is dried in 
the sun, and oonstitates the arrowroot of commerce, so much 
employed as a nutritive diet for invalids and young children. 

Zamia integrifolia, Wild. {Coontie) ; natural order, Cycadece, 
— ^An arrowroot is now manufactured at Key West, in South 
Florida, from the stem of this plant, which is short and 
globular, and abounds in starch. This cycad, which was called 
by the Indiana coontie, grows abundantly over an immense area 
of otherwise barren land. These manufactures bid fair to 
become as extensive and profitable as those of Bermuda, from 
whence at present our chief supplies of arrowroot are received. 

Tous-le-mois, the starch of the rhizome of a species of oann* 
(0. coednea ?) ; natural order, Marantacece. — This starch re« 
sembles a fine quality of arrowroot ; but the granules are much 
larger than those of any known starch. Tous-les-mois oomes 
from the island of St. Kitts, and is only used as food. 

Tapioca Plant {Manihot utilissima, Plum. ; natural order, 
Fuphorbiaceas). — Tapioca is another form of starch, obtained by 
grating and washing the roots of this plant, which, under the 
name of manioc or cassava, forms a most important article of 
food in South America. This washing removes a narcotic 
poisonous principle which exists in the sap. The Indians dissi- 
pate it by heat, simply roasting the root. The starch thus 
washed, softened by heat, and afterwards granulated, consti- 
tutes tapioca. The ungranulated starch is the Brazilian arrow- 
root of commerce. The tapioca plant, in its native clime, is a 
shrub about five feet high, with roots which, when ripe, are 
about as large as a Swedish turnip, containing large quantities 
of this nutritive starch, and weighing sometimes thirty pounds. 

The common starch of the shops, used in domestic economy, 
is obtained from wheat, rice, and potatoes, and is almost, if not 
entirely, home-manufactured. 

Sago Palms {Saguerus rumphii. Wild. ; and Sagus Icevis, 
Qoertn.). — Sago is obtained from several species of palm. The 
sago of commerce is, however, chiefly produced by these two 
plants. It is obtained from the cellular tissue, or pith, in the 
interior of the trunk. 

The sago palm produces, like rice, a chief means ot nourish- 
ment for millions in warm climates, since sago powder is gene- 
rally used for making bread. It grows in tho south of China, 
Japan, and all over the East Indies, but principally in the islands 
of tho Indian Archipelago. This palm generally grows in swampy 
gnround, where it flourishes best, a good plantation, being often in 
a marsh, selected for that purpose. Its trunk is from five to six 
feet in circomferenoe, rising to a height of about twenty feet. 
The pith, from which the sago is obtained, is of no use until 
the tree is fourteen or fifteen years old. A single troe is said 
to yield from five to six hundred pounds of sago. 

Most of the sago imported into the United Kingdom cornea to 
us in its granulated form from the island of Singapore, where it 
is manufactured as follows : — ^The pith, which is soft, white, 
spongy, and mealy, is first removed from the interior of the 
stem, then bruised, and put into large tubs of cold water ; the 
woody particles of course float, and are easily removed, and the 
weightier starch or sago powder settles at the bottom of the 
vessel. The water is then poured off, and the dried sago powder 
passed through small sieves made of the fibres of the palm leaves. 
In passing through these sieves, the sago powder acquires its 
granulated character. The preparation is then finished, and 
the sago is ready to be put into boxes, or plaoed in bags, for 
shipment. 

The exports from Singapore in tho year 1847 exceeded 
6,500,000 lb., but ore now much larger. 

Sago is insoluble in cold water, but by boiling becomes soft, 
and at last forms a gelatinous solution. In England it is much 
used for puddings ; and as it is both nutritive and easy of 
digestion, it constitutes an excellent article of diet for the 
invalid and the convalescent. 

A great deal of German or potato sago, from the manufao- 
tories of Vienna, Nuremberg, Sohweinfurt, Erfurt, Halle, eto., 
oomes into the European market, and it is with difficulty dis- 
tinguishable from the real East Indian sago. 

III. PLANTS TIELDING SPICES AND CONDIMENTS. 

Cinnamon {Cvnnamomwm zeylanicum, Nees. ; natural order, 
Lauracece ), — plant is an evergreen aromatio tree, about 
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lihirty feat in height, and indigenous to the ielaad of Ceylon. 
Its leaves aare oval, smooth, entire, with three prominent onrvi- 
Hnear ribs on the under surface. The young leaves are at first 
red, but ohange gradually to a yellowish-green, possessing the 
same fiavonr as the bark, but in a less degree ; fiowers panioled, 
white, with a brownish centre, devoid of fragrance, and about 
the same size as those of the lilac. 

The inner bark of this tree constitutes the oimnaxnon of com- 
merce, and the young twigs furnish the best. After the trees 
are nine years of age, the twigs are out annually in the month 
of May, by the cinnamon peelers, or Oholiahs, as they are called 
in Ceylon, ^is is done with a sharp iron instrument. The 
bark is removed by making a longitudinal and then a transverse 
incision into the shoot, inserting under the bark the point of the 
peeling-knife, and raising the handle of the knife as a lever. 
The next day the inner fibrous bark, in which resides the 
delightful flavour of cinnamon, is easily removed from the outer 
bark, and this, as it dries, curls up and forms quills. Before 
these quills become quite dry, hard, and brittle, ^e smaller are 
insert^ into the larger ; space in packing is thus saved, and 
compact sticks are formed, which are not so liable to breakage 
as the single quUls. The wood from which the bark has boon 
removed is sold for fuel. 

“ After hearing so much about the spicy gales from Ceylon,” 
says Bishop Heber, ** 1 was much disappointed at not being 
able to discover any scent, at least from the plants, in passing 
through the cinnamon gardens. There is a very fragrant- 
smelling flower growing under them, which at first led us into 
a belief that we smelt the cinnamon, but we were soon unde- 
ceived. On pulling off a leaf or a twig, one perceives the spicy 
odour very strongly j but I was surprised to hear that the flower 
has little or none.” 

Since neither the leaves nor the flower of the cinnamon-tree 
give forth any smell, it is only when the season arrives for | 
gathering bark that the visitor to the gardens will enjoy the | 
perfume of this plant. A walk through the cinnamon gardens 
during the busy season is tnily charming. The grove is then 
full of fragrance, and a scene of cheerful industry. Everywhere 
are to be seen groups of Cingalese peeling the twigs, which they 
do with astonishing quickness, making a great deal of money 
whilst the season lasts. The Oholiahs form a distinct caste, and 
are considered very low, socially, so that, according to Cingalese 
notions, it is personally degrading for any one else to follow the 
business. The largest of ihe cinnamon gardens in Ceylon is 
that near Colombo, which covers upwards of 17,000 acres of 
land. 

Cinnamon-trees are preserved with the greatest care by their 
proprietors. By the old Butch law the penalty for cutting or 
injuring them was amputation of the hand ; at present a fine is 
imposed upon the delinquent. 

In 1886 1,752,283 lbs. of cinnamon, valued at J858,909, 
were imported into England, a great part of which we re- 
exported to our colonies. Considering the extreme lightness of 
cinnamon bark, this is a large quantity. Cinnamon is usually 
brought home in bags or bales of from eighty to ninety pounds’ 
weight. The best comes from Ceylon, but the cinnamon-tree 
grows plentifully in Java, Sumatra, Malabar, and Cochin-China, 
and it has been recently transplanted to the Mauritius, the 
Brazils, and Guiana, and to the West India islands of Tobago, 
Guadaloupe, Martinique, and Jamaica. The cinnamon produced 
in the West is, however, not so good as the Oriental. 

Cinnamon is an aromatio tonic of an agreeable odour and 
taste, whicli acts as a grratoful stimulant or carminative, creating 
warmth of stomach, removing nausea, expelling flatulency, and 
relieving colic or intestinal pain. It owes those properties to 
the volatile oil which it contains. Cinnamon is much employed 
as a condiment in culinary preparations, and is also frequently 
used for flavouring and ^guising unpleasant medicines, or os 
an a^uvant — ^that is to say, an assistant. 

Cinna/n^mwin ccLssia seems to bo the chief source of the 
Cassia Ugnea^ or bastard cinnamon of commerce. This plant 
differs from the true cinnamon-tree in many particulars. Its 
leaves are oblong-lanceolate, and have the taste of cinnamon, to 
which also its bark bears a great resemblance, but is thicker, 
rougher, de^r, and not so agreeable in flavour. It is culti- 
vated in Cluna, end is imported from Canton, vid Singapore, in 
chests similar to those in which the tea is packed, with the 
appearance of which every one is familiar. 


Nvtmkg-tksb {Myriatica motchata^ Thunberg). — This tree, 
from twenty to twenty-five feet in height, strongly resembles onr 
pear-tree in its gener^ appearance, and also in its fruit, which 
is not unlike the round Burgundy pear. The leaves are alter- 
nate, smooth, entire, oblong-pointed, short-petioled, and aromatio 
when bruised ; the flowers axillary, racemose, pale, bell-shaped, 
without a calyx. The fruit is a fleshy pericarp, opening by two 
valves when ripe, and displaying the beautiful scarlet reticu- 
lated arillus, or -mace, enveloping the thin, dark-brown, glossy, 
oval shell, which covers the kernel, the nutmeg of the shops. 
Each fruit contains a single seed, or nutmeg. The mace and 
the nutmeg are both valuable spices. The former, although a 
brilliant scarlet colour when fresh, becomes yellow, brown, and 
brittle when dry. 

Whilst the clove has spread over Asia, Africa, and the West 
Indies, the nutmeg-tree refuses to flourish, except in the islands 
of the Malayan Archipelago, where it appears to be indigenous. 
In 1819, 100,000 of these trees wore transplanted by the Britic^ 
Government to Ceylon and Bengal, but the plantations were 
not successful. All attempts to introduce the nutmeg-tree into 
other tropical countries have failed. 

The Butch endeavoured to extirpate the nutmeg from all the 
islands of the Moluccas except Banda, and they had all the 
trees removed thither for bettor inspection ; but this attempted 
monopoly was completely frustrated by the mace-feeding wood- 
pigeons. These birds conveyed and droppe^l the fruit beyond 
the assigned limits, spreading it over the whole of the islands 
of the Malayan Archipelago, from the Moluccas and New 
Guinea. It is singular that the Butch should have failed to 
observe the habits of these birds : that they had not noted 
them appears to be proved by the very fact of their effort to 
establish a rigid monopoly. 

The nutmeg and clove trees were first introduced into 
England by Sir Joseph Banks, as ornamental hot-house plants, 
about 1797. 

Nutmegs and mace are employed chiefly as condiments for 
culinary purposes, for which they are admirably suited by their 
agreeable taste and stimulating properties. As remedial agents 
they owe their activity to the volatile oil which they contain, 
and when administered in moderate quantities, produce the 
usual effect of tho other spices. 

The Clove-tbee (Caryophyllus aromaticu$^ Linn. ; natural 
order, Myrtaccce^ the Myrtle family).^ — Cloves aro the unex- 
pondod flowor-buds of this tree, which is an evergreen, tho 
trunk rising from fifteen to twenty feet above the ground. The 
leaves are opposite, rigid, ovate-lanceolate, smooth, entire, 
petioled. The flowers aro produced in great profusion, in short 
terminal panicles of from nine to eighteen in each bunch. The 
four loaves or sepals of the calyx are united ; tho base of the* 
calyx is tapering and somewhat quadrangular. The oorolla is 
red, and before expansion, forms a ball or sphere at the top of 
the calyx. Tho peduncles, or flower-stalks, aro divided into 
threes, and articulated or jointed. This greatly facilitates the 
fall of the buds when the gatherers boat the trees with reeds or 
wands. They aro also grathered by hand — a method adopted 
when tho season has been unfavourable. 

The clove-tree is a native of the Moluccas, where it was very 
abundant before the conquest of these islauds by the Butch. 
They extirpated it from all tho Moluccas except Amboyna, 
and even there they allowed only a limited number of trees to 
be planted, lest the price should fall too low I This narrow 
policy stimulated other nations to try to get so valuable a 
spioe. In 1770 the French obtained tho plant, and introduced 
it into the Isle of Bourbon, and from thence to Cayenne and to 
their other possessions in America. But the best cloves still 
oomo from the Moluccas. 

In addition to the supplies obtained from tho East and West 
In^es, Great Britain also receives cloves from the Mauritius, 
and indirectly from Holland. 

Br. Kuschenberger, who visited Zanzibar, on tho eastern 
coast of Africa, in 1835, thus speaks of the clove plantations 
there: — “As far as the eye could reach over a beautifully 
undulating land, nothing was to be seen but clove-troee of 
different ages, varying in height from five to twenty feet. The 
form of the tree is conical ; the branches grow at nearly right 
angles with tho trank, and they begin to shoot a few inehei 
from the ground. The plantation contains nearly 4,000 trees, 
and each tree yields, on an averse, six. pounds of oIoTes 
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annually. They are oarefnlly picked by hand, and then dried 
in the ehado. We saw numbers of slaves standing on ladders 
gfathering the spice, while others were at work clearing the 
ground of dead leaves. The whole is in the finest order, pre- 
senting a picture of industry and of admirable neatness and 
beauty. 

Cloves, when good, are dark, heavy, and strongly fragrant, 
the ball on the top being unbroken, and yielding oil when 
pressed with the ncdl. This oil is sometimes extracted, and the 
cloves so treated are mixed with the others. They are alsb 
sometimes adulterated with water, which they absorb readily, 
becoming plumper and heavier. 

Cloves are much employed in cookery as a condiment, being 
the most stimulating of the spices. The oil of cloves is a 
popular remedy for the toothache, and the infusion a warm and 
grateful stomachic. Cloves are frequently employed by medical 
men to disguise the nauseous properties their drugs, and thus 
render them more palatable to the patient. 

THE ELECTRIC TELEGRAPH.— L 

By J. M. WzQHSB, B.A. 

THE BATTERIES EMPLOTEIK— INSULATOBS — LINE WIRES. 

Oke of the features by which the present century has been 
rendered especially remarkable is the number and importance 
of its scientific inventions. Among these there is none more 
wonderful than the electric telegraph, and none which has more 
rapidly passed from being a mere scientific toy, valuable only 
for the elucidation of certain principles and facts, into becoming 
a great and important instrument in the conduct of our every- 
day business. 

In 1819 Oersted made the discovery that a magnetised needle 
was defieotod by the passage of an electric current along a wire 
placed near to it, and the mode of converting a bar of iron into 
a temporary magnet by moans of the electric current was not 
discovered till several years subsequently, and already, at the 
present time, the messages weekly transmitted, in England 
alone, by instruments ba^ on those principles are numbered 
by the hundred thousand ; and there is soarooly any part of the 
globe that is not traversed by wires, along which our thoughts 
are constantly being fiashed with a speed almost equal to their 
own. 

In the articles on “Voltaic Electricity,’* which have already 
appeared in The Popular Educator, a general account has 
been given of the principle on which the various forms of 
telegraph instruments act. In the present series we propose 
to give a practical explanation of the construction of the dif- 
ferent instruments and the manner of using them, so as to 
enable the intelligent amateur to construct such instruments 
for himself, and to help the telegraphist to understand the 
meohanism of the apparatus he is employing. 

To transmit mossagos by electricity, it is, ot course, necessary 
in the first place to have some moans of generating an electric 
current of suiHoient quantity and intensitj Wo must further 
have some way of conveying this to the desired place, and also 
of causing it to produce at that place such effects as shall 
enable us to make our messages understood. 

For generating an electric current, any one of the many forms 
of battery already described may be employed. The Cruiok- 
shank battery, consisting of alternate plates of copper and 
eino excited by a solution of dilute sulphuric acid, was for a 
long time t^t generally adopted. Very frequently the cells 
were filled in with fine sand, over which the solution was 
poured. This form was oommonly known as the Sand battery. 
Smee’s and other forma have also oooasionally been tried, but 
in almost all oases these batteries have now been snpers^od, 
and some modification of Daniell’s sulphate of copper battery 
adopted In the largo cellars under the Central Telegraph 
Offices in Lothbury, ihere ore thousands of colls of these bat- 
teries constantly at work. The standard form now adopted 
oonsists of a trough about two or two and a-half feet long. 
This is made of ha^ wood, and carefully coated inside with a 
resinous composition so as to prevent the acid from eating it 
away. Water-tight comportments are then fixed at about equal 
distances, so as to divide the trough into ten cells, and each of 
these is subdivided by a plate of porous or unglazed earthen- 
ware, Toproaented in IHg. I by the thinner Hues. 


Plates of sheet copper are then out about four or five inches 
square, and zinc is oast into thicker oakes of a similar size. A 
piece of copper and one of zinc are then connected together by 
a copper band riveted to each, as shown in Fig. 2. The band 
or strap is then bent in the middle, so that the copper plate 
may be in one cell and the zinc in the next. A lid is provided 
to each trough; this serves to exclude the dust, and at the 
same time, by checking evaporation, renders the action of the 
battery much more uniform. 

The cells which contain the zincs are charged with dilute 
sulphuric acid, or with a solution of sulphate of zinc ; those itC 
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which the copper plates are placed contain a saturated solutioii 
of sulphate of copper (blue-stone), and, as the copper is pre- 
cipitated on the plate by the action of the battery, the cells are 
usually filled up with crystals, so as to maintain the strength of 
the solution. If it gets exhausted, a portion of the zinc solu- 
tion passes through the porous partition, and this metal is 
thrown down on the copper, rendering it almost black. For 
each equivalent (26 parts) of zinc dissolved in any ooU, an 
equivalent (25J parts) of copper is precipitated in the corre- 
sponding cell, and hence the copper plate increases in thickness 
while the zinc is oaten away. 

When the acid becomes saturated with zinc the action of the 
battery is much diminished ; a portion of the solution should 
therefore bo removed, and the coll filled up with water. 

Care must be taken not to let the zino plate rest in contact 
with the diaphragm, as in that case motallio oopper is deposited 
on it, and it is soon broken. After having been used the par- 
tition should also be kept moist, as, if allowed to dry, the 
sulphate of zino effloresces round the edges and chips away 
small pieces. 

The porous diaphragm does not entirely prevent the two 
solutions mixing, though it cheeks it very considerably. Some 
of the copper passes into the zino oell, and, being there decom- 
posed by the action of tho zino, falls to the bottom as a dark 
powder usually known as the “mud” of Daniell’s battery. 
When an inner x>orous oell is used im toad of a partition, it is 
usually greased all over, except on the poi’tion opposite to the 
copper plate, so as to check as far as possible this mixture. 

In some instances tho porous diaphragm is entirely dispensed 
with, and the two solutions are kept separate by their ■■ .-iiia, ..a 
respective weights alone. Tho copper solution, having 
the greats density, is first poured into the oell so as 
to half fill it ; the acid is then carefully put in above 
it. In this form of battery tho oopper plate is placed I 

at the lower part of the oell, and the zino plate at tho | 

upper portion, so that the two do not overlap. The fal'" 

copper solution, however, in time mixes with the acid, 
and this battery is not very much employed. „ 

In working batteries it is found that the same amount 
of zinc is consumed in each oell ; it is advisable, therefore, only 
to employ plates ot similar size in the same circuit. A single 
weak or defective oell will retard tho i>as8age of the entire 
current, and thus cause a very considerable waste of power. 

It should be remembered that tho quantity of electricity 
generated is not augpnented by increasing the number of the 
cells; it is only the intensity that is thus affected. To increase 
the quantity we must increase the size of our cells, or, which 
practically amounts to the same thing, arrange two or three 
side by side, their zino and oopper plates being respectively 
connected. As a general rule, for distances of a few miles, a 
single trough oontaining ten or twelve cells is amply sufficient, 
provided it be working well. If it is losing its power, or the 
message has to be sent to a much greater distance, two or more 
of the troughs may be joined together. 

Having now seen the manner in which the electric current 
is generated, we have next to ascertain the mode in which it 
can be conveyed to any required place. As we have already 
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leant, the fluid reij easily esoapes, tmless the oondaotor along 
whioh it is traTelUx^ is oarefnlly insalated. When the wires 
are laid under the surface of the ground or at the bottom of the 
sea, this is accomplished by ooathig them with some insulating 
material in a way that will shortly be explained. In most cases, 
howeyer, the lines are snspended in the air, whioh is, for all 
praotioal purposes, a non-conductor. All need for coating the 
wire is then at an end, and it is only necessary to make some 
arrangements whioh sh^ prevent the escape ci the electricity 
at the points of support. This is accomplished by means of 
** insidators,” a few of the forms of whioh were figured in the 
papers on “ Voltaic Electricity.** 

In large towns the insulators are very frequently attached, to 
the comers of lofty buildings, or to stacks of chimneys, and in 
this way much expense is avoided, and the wires are at the 
same time so much elevated that they do not interfere with the 
ordinary traffic of the streets. In tho open country, however, 
they are supported on posts specially erected for the purpose, 
whioh under ordinary oircumstancee are placed at distances of 
about sixty yards apart, and the wires are about eighteen or 
twenty feet above the surface of the ground. Young fir or 
larch trees are usually chosen for the purpose, and roughly 
trimmed. Sometimes the wood is impregnated with a preser- 
vative compound to guard against decay. When this is not 
done, the pole is chafed along the lower end for a length of 
several feet. The charred ends are sometimes allowed to stand 
in gas-tar for several hours as a further protection ; but still, 
wiilL every precaution, it is found that the post will decay at 
the ground-line, where it is exposed to the air as well as to the 
moisture of tho earth. .. 

In different parts of the Continent and in India, whore 
wooden posts are far less durable, substitutes have been tried, 
and iron tubes and posts of different forms have been used to a 
considerable extent. The first cost of these is, of course, con- 
siderably greater, but in the long run a great saving is effected 
by their employment, and it seems probable that in England 
they may eventually become much more generally adopted. 
When the line is straight tho strain is but small, but at an 
angle it is considerably increased, and struts or stays are 
usually employed to strengthen the posts. 

In some places the plan has been tried of affixing the insu- 
lators to the stems of living trees, and this has boon found to 
answer very well. The swaying of trees during storms is a 
slight objection, but a swinging insulator designed by a Prus- 
sian officer, Lieut.-Colonel Ghauvin, meets this difficulty. The 
construction of this will easily be understood by reference to 
Fig. 3. The bent iron rod, a b, is out at one end into a screw, 
and fixed firmly into the ti»e, while tho other end is flattened 

out, and fastened 
by means of a 
screw. The insu- 
lator, c, is sus- 
pended from the 
ring j> by the 
hook F, the end 
of which is turned 
back so as to 
prevent the wire 
jerking out when 
the tree is shaken. 
In the lower part 
of the insulator is 
fixed another 
hook through 
which the l^e 
wire passes. 
This is, of course, 
quite insulated 
from F, and is so bent that when the insulator swings to and 
fro with the -wind, only the porcelain comes in contact with 
tho tree or the support. 

Almost every telegraph engineer has his preference for some 
fecial form of insulator, and hence there is a great variety, 
^lat most generally employed in this country is represented in 
4. It consists of two inverted cups of brown earthenware, 
inside one another. To the inner one is fixed the steel 
•talk by means of which the insulator is firmly bolted to the 
posti while round the outer is a groove to which tho line wire 


is fastened. The two are fixed together means of a non- 
conducting cement. On about one post in every ten a stretch* 
ing-insulator is placed. The wire is found to give a little by 
the oontinned strain, and also to vary in tension with changes 
in the temperature. The 
result of this, if nnoheoked, 
would be to cause the wires to 
hang so loosely that when, as 
is generally the case, there 
were sevei^ on one post, 
they would strike against one 
another, and thus greatly in- 
terfere with tho communica- 
tion. These insulators are 
accordingly provided, and by 
means of them the wires are 
kept duly strained. 

lEVequently, especially in 
lines supported on buil^gs, 
the wire is fixed to every 
insulator, instead of merely 
resting in a loop, and then 
there is less need of stretch- 
ing-insulators. The impor- 
tance of careful insulation is very great, especially in long 
lines, as a very trifling loss at each point of support will soon 
seriously weaken the current, and render mych more battery 
power necessary to transmit the message. 

Copper wire is the best oondaotor by far, and might there- 
fore be used of much smaller size than the iron wire usually 
employed. This would probably cause a considerable ultimate 
saving, as the posts and insulators need not be so strong ; but 
the value of the wire would render it so strong a temptation, 
that the lines would not unfrequently be cut. From tiiis and 
other causes iron wire is always employed. For general purposes 
that known as No. 8 gauge is used, its diameter being 0*170 
inch, and its breaking weight about 16 cwt. Unless, however, 
the wire be protected in some way it soon rusts, ^d becomes 
corroded by the influence of the air and moisture. Sometimes 
it is coated with tar or boiled linseed oil. More frequently, 
however, in this country, the wire is ** galvanised,** or coat^ 
with metallic zinc, and this serves as a very good protection, 
except in the neighbourhood of manufacturing towns, where 
the smoke from the various factories scon corrodes away the 
zinc. In some cases, instead of a single wire, a strand com- 
posed of seven wires of No. 20 gauge is used, and this is by 
many considered preferable. 


COLOUR—I. 

By A* H. Cbubch, M.A., Professor of Chemistry, Bojal 
Academy, London. 

XNTBODUCTION— CONNECTION OP THE SCIENCE OF OPTICS 
WITH COLODB. 

Owing to the dependence of colour upon light we must begin 
our study of its laws and their applications by a statement of 
two or three of the chief facts of Optics. We wish now to 
direct our readers* attention to the reflection, emission, trans- 
mission, absorption, refraction, and dispersion of light. 

Everything that we can see is visible owing to its refleotioii 
of light, or to its emission of it : the former action produces or 
characterises illuminated bodies ; the latter, luminous bodies* 
Illuminated bodies are marked out and distinguished from 
one another by the different amounts and qualities of the light 
whioh they reflect. A piece of black cloth on a white porcelain 
plate reflects but a very small part of the light whioh falls 
upon it ; the plate, on the other hand, reflects much. Had the 
black cloth possessed no power of reflecting light, it would 
have been invisible ; black velvet, which reflects less light, 
sometimes produces to the eye the effect of absolute blackness, 
that is, of an empty and dark space. Similarly, a sheet of 
plate glass may appear lustrous and visible enough if the light 
which falls on it is sent back to the eye ; but if wo are so 
placed in front of the glass that these rays escape ns, it ceases 
to ^ visible, and we may, perchance, stretch out our hand to 
take something from behind the glass, wholly nnoonscious of its 
existence. But it is possible to render a piece of polished glass 
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pofmanontly Tiaible* Cfosli it to powdor, and then in if hat- 
ever dirootion the light falls upon its purtiolea the saifaoes of 
those particles will torn back or reflect some of the rays, and 
so render themselTea risible. The clear glass has become 
opaque. 

For the very same reason dense clouds, which appear black 
when between the observer’s eye and the sky, owing to the 
complete way in which they cut off the light, may become 
brilliantly white when the sun’s rays fall upon their constituent 
particles, owing to the very same action ; for the light, which 
cannot g^ through the cloud, is continually reflected to and fro 
irom the surfaces of its .minute parts, and thus illuminates it. 
Thus it happens that the lower half of a cloud against a dark 
mountain may appear white, while the upper part of the same 
doad against a luminous sky may appear a dull grey. The 
lessening of reflection, on the other hand, diminishes risibility. 
The numerous small reflections which occur between the surfaces 
of the fibres in a piece of paper may be greatly reduced by 
wotting or oiling the paper, when it becomes less opaque and 
at the same time greyer and clearer : to this cause the trans- 
parency of tracing paper and tracing cloth is due. 

We said above that bodies differ not only in the amount but 
in the quality of the light which they reflect. Now one of the 
chief differences as to quality of light is the difference of colour. 
Powdered vermilion reflects much light to the eye ; this light, 
however, is chiefly rod light, though there is some white light 
mixed with it. A stick of red sealing-wax shows in some posi- 
tions a bar of white reflected light in the dirootion of its length, 
while in other positions we see only the rod light reflected from 
the particles at its surface and a small depth below. Why this 
light happens to be red in the vermilion we shall discuss further 
on : we would only point out here that while the reflection from 
a polished surface is regular, that from a rough surface is irre- 
gular, and that from a coloured surface coloured. A polished 
plane metallio surface affords an example of the first kind of 
reflection, a piece of chalk cf the second. So groat is the differ- 
ence in effect produced by regular reflection from that produced 
by irregular reflection, that if an illuminated polished body 
could be found which was wholly incapable of irregularly re- 
flecting any part of the light falling upon it, that body would 
be invisible. We may, therefore, say that wo discern bodies by 
the aid of the light which they reflect irregularly, or scatter ; a 
perfectly regular reflection gives, on the contrary, an imago of 
the source of light, not of the object illuminated. It is only 
light which is regularly reflected which can be shown to obey 
the groat law of reflection, which is this ; — The angle which an 
incident ray of light makes with a perpendicular to the reflect- 
ing surface, is equal to the angle wldch the reflected ray makes 
with that porpendioular ; in other words, the angle of incidence 
and the angle of reflection are equal. Another law here to bo 
mentioned is, that both the incident and the reflected rays of 
light are in the same plane, which is perpendicular to the reflect- 
ing surface. We shall have to refer to these laws of reflection, 
to reflection at varying angles and from different substances, 
and to the different kinds of reflection enumerated above, when 
wo proceed to discuss the subject of Colour. 

A few words may now bo said on luminous bodies, or those 
which emit light. A candle flame, a glowing piece of charcoal, 
and the sun, are examples of luminous bodies. From these 
sources of light luminous rays aro sent out ; these rays are the 
lines in which the light is propagated ; luminous penoUa are 
bundles of such rays. From such luminous bodies as are near 
the eye the rays emitted are divergent, but the rays from the 
sun and distant bright bodies are practically parallel. Highly 
luminous bodies can only be clearly seen when muoh of the 
light which they emit is cut off by a special contrivance, such 
as a piece of smoked or dark-green gla.ss. It is thus quite 
possible to see the form and olmngos of the ooke-poiuts of the 
oleotrio lamp, intense as its light is. 

The light emitted from bodies travels in straight lines, and 
causes the production of shadows. The form and sharpness of 
shadows arc influenced not only by the shape and the relative 
eise of the opaque body which oasts the shadow, but by the 
form of the luminous body, the light of which is intercepted. 
A luminous point gives a sharply-defined shadow, whUe a 
luminous surface, on the other hand, gives a dark shadow sur- 
rounded by a paler and less definite one which goes by the 
name of a penumbra 


We hove so far spoken of the reflection and of the emissioo 
of light : the transmission of light has now to be considered. 
Bodies are said to be transpa/rent when they permit light freclly 
to pass, so as to allow objects to be distinguished through them ; 
tranalueentf when they allow light to pass less perfectly, and 
objects on the other side of them cannot be clearly diaoeraed { 
opaque^ when light is wholly cut off. But in reality no bodies 
aro perfectly transparent or perfectly opaque. The most colour- 
less and flawless polished glass cuts off some rays, while sub- 
stances, such as metals, which are commonly considered quite 
opaque, become transparent when reduced to the form of thin 
loaves. The sun may bo conveniently viewed through a glass 
thinly ooated with silver, while the light transmitted by an 
ordinary piece of gold-leaf is grass-green. 

In addition to this, it may be remarked that different trans- 
parent bodies permit the light to pass through them with'more 
or less facility, but they also variously affect the light which 
finds its way into them. Suppose the ease of water. A beam of 
light made up, we will suppose, of 1,000 rays, strikes the water 
perpendicularly ; 18 rays will then be reflected towards the lumi- 
nous source, while 982 will find their way through the water un- 
changed, unless the layer of water be of considerable thiokness. 
Now introduce into the water a drop of some red solution ; the 
light transmitted will be filtered light, the red solution having 
strained off some of the constituent rays and left the others. 
The intensity of the light and its quality will thus have been 
altered by transmission, just as they are by reflection. Colour, 
in fact, may be produced from white light, either by the absorp- 
tion of some parts of the luminous rays and the reflection of 
others, or by the absorption of some parts and the transmission 
of others ; but, as wo shall point out presently, there are several 
other ways of producing colour without the intervention of nn 
absorbent body. 

Before, however, w© can profitably study these ways, and 
the curious phenomenon of absorption itself, we must become 
acquainted with the main features of the theory of light. This 
theory is called the undulatory theory. 

The undulatory theory supposes the existence, throughout all 
space and throughout all matter, of an infinitely thin, elastic 
medium called the luminiferous or light-bearing other. It must 
be supposed that this ether is not only universally present, but 
present without break in its continuity. It exists in space, in all 
solids, liquids, and gases, and it cannot be excluded from what we 
call a vacuum. It can haxdly bo material in the sense in which the 
sixty-threo elements of the chemist are material ; bnt to account 
for the properties of light, we must presume the medium whioh 
conveys it to have some at least of tho properties of matter. 
The movement of this ether is light. It undulates in waves, 

; the undulations of the particles of the ether being across the 
direction in whioh the light is propagated. Light is supposed 
I to originate in the following manner : — ^The particles or mole- 
I cules which constitute a luminous body are in a state of dis- 
I tarbanoe, a state of intensely rapid motion. This motion of 
the molecules is oommunioatod to the ether and sets it in 
vibration, and is propagated in all directions in the form of 
spherical waves. Beaching the retina, this fine motion of the 
ether excites vision and becomes sensible as light. With these 
statements of the main assumptions of the wave-theory of light 
before ns, we shall bo able to oonsider with exactness not only 
the absorption and refraction of light, bnt the several modes ol 
the production of colour. 

The waves of the other ore of different lengths ; in pure white 
light, such as that emitted by the electric arc, waves of all 
lengths occur between the limits of about of an inch on the 
one hand, and about of an inch on the other hand. Now 
I the colour of light is solely dependent upon the length of the 
: wave. The longest wave that is perceived by the retina is the 
red wave, the shortest the violet. Long^er waves than the red 
waves possess a high heating power ; shorter waves than the 
violet, invisible to the eye, and with soaroely any oc^on on the 
thermometer, are gifted with a great degree of chemical energy : 
they are called acinic. It we use the electric light, whioh is 
really a more perfect light than that of the son, we shall find 
that it emits or causes undulations, the waves of which are of 
much wider differences as to length than those of the red and 
violet lights above mentioned. By means of various solutions 
we can absorb some of the rays : those of light can, for 
ixtstenoe, be strained off| said those of heat and actinism tBans- 
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nitted. The trarea of certain lengths cannot undulate in a solu- 
tion of iodine in carbon disulphide, they are arrested or quenched 
thereby. Such a solution, indeed, permits only the rays of dark 
heat to pass through it ; but the undulationB of this dark heat 
may be changed, and Uieir waye-lengths may be diminished by 
allowing the invisible heat-rays to be concentrated in a focus 
and to fall upon a solid, infusible body. This solid will become 
hot and then luminous — ^heat has been changed into light. This 
passage of calorific into luminous rays is known as caloreseenc€t 
and may be made so complete a chwge that all the colours of 
the rainbow may be thus obtained from a perfectly dark source 
ef heat. But exactly the same sort of change may bo effected 
with the invisible actinic rays, the wave-lengths of which are 
shorter even than those of light. By using a solution of blue 
vitriol in ammonia, dark rays of chemical energy may be trans- 
mitted and freed from the visible rays. Beceive these dark 
rays upon a screen of fiuor spar, or Canary glass, or solution of 
quinine sulphate, liglit and colour are produced. The wave- 
lengths of the actinic undulations have been increased ; the 
invisible chemical rays have passed into visible luminous rays ; 
this passage is called fluorescence. Another name for the 
change in wave-length which we have just described is chemge 
in r^rangibility. 

Wo will now proceed to describe the meaning of the expres- 
sions refraction and rt^rangibility. 

When a beam of light falls perpendicularly upon water, 
more than 98 per cent, of the rays pursue a straight course 
through tho water. Let the incidence of the beam be oblique, 
and then it will be found that fewer rays will penetrate the 
surface, and that those which do will not pass-through the water 
in a straight line, but will bo more or loss bent out of that line : 
this bonding is called refraction. Befraotion takes place when 
a beam of light posses obliquely from a rarer to a denser 
medium, or vice versd. Instances of refraction have boon 
already alluded to and described in The Populah Educatob 
(see “Eecreative Science,’* Vol. IV., p. 305). It is owing 
to refraction that a stick half immersed in water appears 
broken ; and for the same reason a coin, lying invisible at the 
bottom of a basin, may bo made to appear by pouring water 
upon it, and so bonding back the rays, which are reflected by the 
ooin, till they reach the eye. In passing from air into water or 
glass tho refracted ray is bent towards the perpendicular ; in 
passing out of water or glass into air the reverse refraction 
occurs, and to a precisely equivalent extent. If, therefore, a 
beam of light eaters obliquely a piece of gloss, tho faces of 
which are parallel, the refraction towards the perpendicular on 
entering tho gloss will bo exactly compensated by the refraction 
from the perpendicular on leaving tho lower surface, and so the 
emergent ray will necessarily bo parallel with the incident ray. 
But supposing wo employ a prism of glass instead of a flat 
plate, then the ray is permanently refracted. The prism so 
much employed in Optics is a wedge-shaped piece of flint glass, 
and is an indispensable instrument in the study of colour. The 
angle enclosed by two oblique sides of this prism is called tho 
refracting angle. If we place tho prism so that this angle 
shall bo below, and the opposite side of tho prism horizontal, 
then a beam of light falling from above on to one of the oblique 
sides will be refracted towards the refracting angle, and passing 
across to the other oblique side will pass out, with its path 
changed again, but now in an upward direction. But something 
more will have commonly happened to the beam besides its 
permanent refraction. If the light bo simple, if its wave-lengths 
be of one measure only, it will be simply deflected ; but if, as is 
nearly always the case, the light be compound — if its waves are 
of different lengths — then the prism will differently affect them. 
It will retard the short waves more than the long ones, and so 
wo shall find that those short waves are more refracted. The 
more refrangible rays are then the short violet rays, the less 
refrangible rays are the longer red rays. In every case, there- 
fore, where a luminous body emits rays of various refrangibili- 
these rays can be separated from each other by means of 
Tine prism. As solar light consists of an enormou.s number of 
^ys of ^erent refrangibilities, it may be decomposed, analysed, 
enormous number of coloured lights, the wave- 
of each of which belongs to a particular ray. The 
# gives an infinite number of such coloured lights, 

M breaks in its series of rays, such as exist in the 

light of the sun. Burning metals and glowing gases emit, on the 


other hand, fewer rays, and give fewer colours, when their light 
is prismatically decomposed. The decomposition, or splitting 
up of light by the prism, is called tho dispersion of light ; the 
coloured image formed is called a spectrum. We are enabled to 
study the orig^, the properties, and the changes of colours by 
means of this spectrum. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.— I. 

It is intended in the present course of lessons to show the 
practical application of Geometry to trade and manufactures, 
in order to give to students engaged in the several constructive 
arts, and tho various branches of industry involving skilled 
labour, a thorough and practical knowledge of the methods of 
describing the various figures required, by the most ready and 
correct processes. 

It is impossible to over-estimate the importance of a know- 
ledge of Geometry, forming as it does the basis of all mechanical 
and decorative arts, constituting, in fact, the grand highway 
from which the various branches of Drawing diverge. 

Nor must the study of Practical Geometry be estimated by its 
mechanical value only, for its uses extend far beyond the neces- 
sities of trade and manufactures. It gives to the eye that ab- 
solute correctness of perception, that clear idea of form and 
size, which, as branches of education, render it most important 
to .all ; and, further, it will be found that it gives to tho mind 
that habit of accurate arrangement, that order in mental pro- 
cesses, which must act beneficially on all persons, whatever may 
be their position. 

In the present course, it is not proposed to give more of the 
definitions or elementary figures than may be absolutely neces- 
sary, the object being to apply knowledge to %tractice. Still 
the lessons will, as far as possible, be made self-explanatory, 
and the methods of drawing figures will be thoroughly ex- 
plained. 

Tho subject, then, is not to be treated as a mathematical, but 
as a thoroughly practical one, and therefore no absolute system 
of reasoning is attempted. Still, it has been thought right to 
give some simple and familiar explanations of tho properties of 
the various figures, and the principles upon which their con- 
structions are based, as it must bo obvious that tho more the 
i mind comprehends of the relation cf one lino and form to 
] another, the more will the eye appreciate beauty and refine- 
ment, and the more accurately and intelligently will the hand 
execute. 

In order to guide students in using these lessons for self- 
instruction, the processes in each figure are lettered in the order 
of the alphabet ; the consecutive stops by which the result is 
attained will thus become evident. This plan is assisted by the 
imaginary or constructive portions being drawn in dots, or fine 
lines, the given figpires in medium, and the resultant forms in 
full black lines. 

The lessons are intended, therefore, as stepping-stones to 
Technical Drawing in all its branches, and it is hoped that by 
their means the artisan may bo enabled to construct the forms 
required in his trade by rapid and certain means, instead of 
blindly following the traditional methods existing amongst tho 
men in “the shop;” and it is hoped that when ho has thus 
become acquainted with tho “ grammar of form,’' he may bo 
able himself to originate and invent, and so be able to keep 
pace with the progress made, not only in foreign countries but 
in our own. 

We commence, then, with certain figures constently used in 
mechanical drawing, repeating such of tho early studies as may 
bo required in any particular figure, thus avoiding reference to 
back, numbers as much as possible. The student is, however, 
supposed to have mastered such problems as bisecting lines, 
etc., and if he has not done so he will find them thoroughly 
explained in the “ Lessons in Geometry “ in The Popular 
Educator. 

One of the most frequently occurring processes is that of 
dividing lines into a certain number of equal parts. The want 
of knowledge of rapid methods causes waste of time, and by 
constant trials the paper becomes frayed and roughened, to the 
great detriment of the drawing. The following figure and its 
application is therefore given 
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Draw a lino (c d) parallel to a B. (The lino c D may be any 
jengrth, that is, it may be drawn indefinitely for the present.) 

From c set off along this line the number of parts into which 
the line A B is to be divided — viz., 1 to 10. Those parts may 
be any conveniont sizo, but must be all equal. 

Draw c A and 10 b, and produoe* both lines until they meet 


in s. 


From each of the points 1, 2, 3, etc., draw lines to the point 
E, which passing through A B will ^vide it into 1 0 equal parts. 

Applicaiicm No. 1 of the foregoing figure (Pig. 2). 

This problem may also bo used for dividing a line propor- 
tionally to another, that is, to find divisions on a line, which 
shall be in the same proportion to it, that oertain divisions are 
to another line either larger or smaller. 

Thus, let it be required to cut off from 


a part which shall have the same proportion to it that the 
division e d has to the line c d. 

Place A B parallel to o d, as in Fig. 2. 

Join c A and d b, and produce the lines until they meet in F. 
From E draw e f, which passing through A B will out off Q B, 
F which will have the 

same proportion to A b 
that E D has to c P. 

This process is con- 
stantly used in find- 
ing the proportions 

mouldings, windows, 
mechanical details, 
etc., in making re- 
duced or enlarged 
drawings. 

Tliis problem is 
also most usefal in finding a particular point in a line which 
may be so small as to render accurate division very difficult. 
Example : The length from A to b in a spurf wheel (Fig. 3), 




• To ** produce *' a lino means to carry it on further, or to make it 
longer in the same direction. 

t ▲ spur wheel is one in which the teeth are of iron, bast or out in 
the rim ; a cog wheel has wooden teeth mortised Into the iron rim, 
and is used principally In mill-work. 


FTow although in many drawings the space and tooth are 
made equal, they are not so in a real spur wheel, the space being 
a very little lar^r than the tooth. This small difference is most 
important, for if the tooth and apace were equal, the tooth of a 
wheel when in gear with another would not olear itself. The 
difference of one-eleventh is found in practice to be suffioient 
for all purposes. Thus, if the “pitoh” is divided into eleven 
equal parts, the tooth will be five-elevenths, and the space bIe- 
elevenths. 

But dividing the space A b (which in many oases is mnoh 
smaller than m given above) will be found liable to some inao- 
curacy ; by this problem, however, the required point of division 
may be fonnd with ease and exactness. 

Let A B (Fig. 4) be the length of the pitch, measured from 
A B in Fig. 3. I^w any line, c d, parallel to A B, and set off 
on it 11 equal divisions (emy length). 

Draw c b and D A, and produce the lines to meet in s. 

From point 5 draw a lino to B, which will divide A B as re- 
quired, the one part being ^ and the other 

Set off these lengths on the pitch circle.^ 

To construct an equilateral triangle on the given line A B 
(Fig. 5). 

From A, with radius A b, 
describe an arc. 

From B, with the same radius, 
describe a corresponding arc, 
cutting the former one in c. 

Lines joining A c and b c will 
complete the triangle, which will 
be equilateral, that is, all its 
sides will be equal. 

A triangle having only two of 
its sides equal, is called an Fig. 5. 

iaoacelee triangle (a). 

When all three sides are of unequal length, the figure is called 
a scalene tHangle^ as B. 




In a right-angled triangle, one of the angles, as c, is a right 
angle. 

A right-angled triangle may be either isosceles, as D, or 
scalene, as e. 

The longest side of a right-angled triangle, viz., the side 
opposite to the right angle, viz., f, is called the hypothenuse. 

When a line, c d (Fig. 6), stands perpendicularly on another 
line, A b, it divides the space into two right angles ; if produced 



beyond c, four right angles will be formed ; but if the line c b 
be drawn, dividing the spaoe unequally, the angle a c b is an 
obtuse (or wide) angle, being more than a right angle, and the 
remaining portion, b 0 B, is an acute (or sharp) angle, be^g leas 
than a right angle. 

To construct a triangle of given dimensions (Fig. 7). 

Let it be required that the sides of the triangle should be 
and (The sign^ attached to a number denotes inches.) 

Make A B in. long. From b, with a radius of in., 
describe an arc. From A, with a radius of 1 in., describe an 
arc cutting the former one in c. Draw A 0 and B c. which will 
complete ^e triangle of the required dimensions. 

* For full Instniotiou oonceroing the modes of drawing the various 
forms of teeth of wheels, the student is referred to the lessems cm 
Teohnioal Drawing. 
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WEAPONS OP WAR.— II. 

MY JUT 07F1CBB OF THB BOTAI* ABTILLBBT. 

V1BS-ABM8. 

Ths division our snbjeot whioli we haye now to consider is 
the important one of fire-arms. We have seen how the intro- | 
dnotion of fire-arms has had the effect of pushing side-arms ‘ 
into the background, how each succossive development of fire- 
arms has by so much reduced the practical value of swords, 
and spears, and lances, and the like. We 
have noted also that the tide of improve- 
ment has always set in the direction of 
increased range, increased accuracy, in- ^( !f\ 

creased destructivenesB, increased rapidity M J hh'IP I 
of fire. These are the elements of the 
problem which the gun-maker has for 
several centuries been striving to solve, 
checked, however, and oiroumsoribed in 
his action by the practical oonsiderations 
which military necessities impose. Thus • 

ihe exquisitely accurate match-shooting H||||Ti | 

rifles which wre see at Wimbledon, with aU H i j H ; 

their refinements for ensuring good shoot- j | H ; 

ing — the carefully weighed oWges, each in Hg|l[|_]|jl ; 

separate bottles, the delicate sights, the j 

light triggrers, have never come in for mili- H 1 1|| ! 

tary use, because they fail in the first ele- H | I ! 

ment of a military arm — simplicity. Aga.in, H ||| ! 

the far-reaching Metford rifle, with which H | i H | 

good practice has been made at 2,000 yards, » H i : H • 

could not become a military weapon be- c> H||[|||| h H • 

cause of its refinements, and because of § HH I ■ • 

its weight, and of the heavy charge which ^ H|| .1 ; 

it requires. Many of the ingenious breech- » H 

loaders, in the production of which un- h H |V ; |l ^ 

happy inventors have spent their time, H| | p I ^ 
their brains, and their money, fail alto- H I \ i l • 

gether — despite their points of excel- H \ I * 

lence and rapidity of fire — to satisfy the H \ | I ; 
simpler wants of the soldier. But H ^|l | 

although let and hindered by these con- H I H • 
siderations — although constantly being H^ |l • 

turned back from the dazzling path of H 1 1 ! 

ideal excellence, and warned out of the H| . 1 1 I 

dangerous byeways of theoretical refine- H i I ! 

ments — although continually being re- ^|nl [| * 
minded of the necessity of keeping to the • : 

somewhat tame and dusty high-road on ' 

which the soldiers are soberly tramping w. - 

-—a ro^ which to some probably appears Cartridob used ik Enfield Bifle. 
as straight and dull as those famous mili- _ 

tary roads of the Bomans — despite those 
restrictions, the gunmaker manages to { pi Ik 

make very considerable advance in the j |l I h 

direction required. I H 

For many years the arm of the British ^ Hg| Ij H 

soldier was a smooth-bore musket, fami- ^ ^H H 

liarly known as “Brown Bess.” This arm ] H 

h^ a barrel of about three-quarter inch I ^H H 

diameter ('753 in.), and threw a spherical ^H I i W 
leaden ball, which weighed 483 grains, with - 4. pHB llMlll!H 
a charge of four and a-half drams of powder, 

It will easily be understood that such an Bullet used in 

arm was neither accurate nor far-reaching. 

The charge of powder was large enough, it is true, to project | 

^e bullet wi^ a high velocity, but the size of the bullet caused 
it to meet with groat resistance from the air, and thus soon to 
lose its velocity, besides being liable to be easily deflected. More- 
over, being fii^ from a smooth-bore barrel, it was subject to 
•11 the disturbing causes common to smooth-bore projectiles. 

Among these causes may be named: — (1) windage, which is the 
difference between the diameter of the bullet and that of the 
bore, and which, by allowing the passage of the gas over the 
bullet, causes it to proceed through the bwe with a sort of bound- 
ing motion, and to leave it in an accidental direction, according 
^ Po« ition of the last impact against the sides of the barrel ; 

(2) irregularity of form and surface of the projectile; and 
(8) eccentricity of projectile. The result of these accumulated 

5 — ^n.b. 


— .55^— > 
Bullet used in 


^eots was that Brown Bess, although it would range effec- 
tively up to about 200 yards, o^d har^ be depended upon for 
even approximate accuracy up to half that distanoe. There 
used to be a saying among soldiers that if you fired at the 
church, you might think yourself lucky if you hit the parish 1 
The 8n;.ooth-bore musket was long retained in the Indian army, 
but was dnly replaced by the Snider rifle, a oonverted Enfield. 
This weapon requires special ammunition, which might prove 
advantageous in the case of another outbreak. Some of the 
native Indian police have also smooth- 
bore carbines ; and seme of our coast-guard 
are still armed with smooth-bore pistols. 
Indeed, in some distant colonies we believe 
that oven “ Brown Bess ” herself may 
still be found to this day. 

After Messrs. Minie and Delvigne had 
shown how, by the adoption of a oonioal 
expanding ballet, an effective military rifle 
might be made, several of the old smooth- 
bore muskets were rifled with three grooves, 
and re-issued as rifled muskets— -chiefly 
for naval use. By this means the weight 
of the bullet was increased to 825 grains, 
and the range, accuracy, and effective power 
of the arm were immonsoly improved. Com- 
pared with Brown Boas plain, Brown Bess 
rifled was an excellent weapon ; although 
in these days of small bores we should 
smile at a bullet three-quarters of an inch 
in diameter. The first rifled arm possessed 
by the British soldier was the Brunswiok 
M rifle. This arm hod two grooves, and fired 
^ a belted ball, which was covered with a 
o patch, the grease upon which, according 

^ to Mr. Kaye, went far to determine the 

outbreak of the Indian mutiny. The 
bullet weighed 555 grains. The loading 
was tedious and inconvenient, owing to 
the belt on the ball having to be carefully 
adjusted in the groove, and to the great 
amount of friction in ramming home ; and 
the weapon, although vastly superior in 
range and aoonraoy to the smooth-bore, 
was comparatively inefficient as a rifled 
arm. Our rifle regiments and sharp- 
shooters were armed with it. The Sikh 
regiments in India were for a good while 
armed with the Brunswiok rifle. 

But the really important improvement 
Enfield Bifle. ^ military fire-arms was due to the 

labours of Messrs. Minid and Bolvigne. 
Wo by no means wish to underrate the 
exertions of other workers in the same 
field; and prominent among those who 
laboured to bring into notice the principle 
upon which the sucoess of Messrs. Mi^d 
and Bolvigne depended, was Captain 
Norton, who unquestionably invented and 
exhibit^ at Woolwich, as far back as 
to 1823, an elongated expanding shot and 
.Js shell, identical in principle with the 
Minid bullet. But it was not until 1851 
Enfield Bifle. that the Minid rifle was introduced. The 

arm was rifled with four grooves, and 
was intended to fire a conical leaden ball with a hollow in 
the base, into which was fitted an iron oup. The object of this 
arrangement was to enable the bullet to be readily loaded, the 
diameter being less than that of the bore, while by the action 
of discharge the iron oup would bo driven forward into the 
oonioal hollow, expanding the bullet. A French colonel named 
Thouvenin had tried to accomplish the same object in a different 
way. He placed a small iron pillar or iige at tho bottom of 
the bore, and on to this the bullet was rammed until it was 
expanded. The carabine d tige was used by the Chasseurs 
d’Afrique in 1846 in Algeria, but it was obviously open to 
some strong objections, such as the liability of the tigr- to 
become bent or broken, the delay in loading, the want ot uni- 
formity in expansion, and the diifigurement eff the bullet. Ths 
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DelTigne-Mmi^ system was a gr^^at improyement on this. The 
loading was effected almost as easily and rapidly as in a smooth- 
here ; and the expansion of the bullet depended not upon the 
exact amount of force or hammering gfiven to it by the soldier, 
but upon the pressure, exerted upon the iron cup by the powder 
gases at the moment of discharge. The arm as at first intro- 
duced was, however, open to some practical objections. In the 
first place, the iron cup was found liable in some instances 
to be blown through the bullet, which was left a distorted 
cylinder of lead inside the barrel, the weapon being thus rendered 
for the time unserviceable. In the next place, the calibre was 
too large for accurate long-range shooting — viz., *702 inch. The 
weight of the bullet was also objectionably great from a 
military point of view, being 670 grains. With so heavy a 
bullet the soldier, if provided with a sufficient supply of ammu- 
nition, was inconveniently over-burdened. So, in 1853, a 
modified Minic rifie was introduced, with a bore of only *577 
inch, and throe grooves, which fired a bullet of 530 grrains with 
70 grains of powder. The iron cup was replaced by a box- 
wood plug. The reduction in the weight of the arm with sixty 
rounds of ammunition was three pounds. This was the famous 
Enfield rifle — the weapon which won Alma and Inkermann, and 
which at this moment, under the name of the Snider rifle in its 
converted breech-loading condition, is the arm of the gpreater 
part of our yeomanry and auxiliary forces. But, since the intro- 
duction of the Enfield rifle in 1858, several improvements were 
successively made in the ammunition, which greatly increased 
the efficiency of the weapon. The two moat important of these 
improvements were, the substitution of bees ’-wax for a mixture 
of bees’-wax and tallow, for the lubricating material ; and the 
reduction in the diameter of the bullet. Both those changes 
were suggested by Col. (afterwards Major-General) Boxer, and 
contributed in an important degree to the efficiency of the 
ammunition and the arm. The adoption of bees’-wax was recom- 
mended on the grotind that in hot climates the tallow melted, 
leaving the rifle unlubricated, besides which the acid in the 
tallow caused the corrosion of the bullets. The wisdom of 
adopting pure bees’-wax was stoutly disputed at tho time, and 
has been frequently disputed since. But repeated experiments 
and inquiries have fully established tho efficiency of beos’-wax, 
and in the advertisement which was issued to tho competing 
^n-makers in 1866, it was laid down that “ wax on the bullets 
is indispensable and according to the evidence upon this 
subject taken by a committee on small-arms, the members were 
led to lay down that “ the lubrications should be pure bees’- 
wax, as best adapted to withstand variations of climate and long 
keeping.” This is a point upon which it seems important to 
insist. Inventors of ammunition are very fond of submitting 
fancy lubrications of their own, and it is well, therefore, that it 
should be distinctly understood that the question of lubrication 
for military small-arm ammunition has been most fully and 
patiently considered, and decided definitively in favour of pure 
bees’ -wax. In the ^yal Laboratory at Woolwich, tho greatest 
care is taken to ensure tho perfect purity of the bees’-wax, which 
is all subjected to a careful chemical examination. 

The second important change which was made in the ammu- 
nition wras in the reduction of the diameter of tho bullet. It 
was found in India, during the mutiny, that great difficulties 
occurred in loading, owing to tho size of tho bullet, which was 
at first fixed at ‘568 inch, leaving a windage of only *009 inch — 
quite inBaffioient, when the rifle became foul, to admit of easy 
loading. Many instances occurred in which loading was almost 
impossible. The men were seen striking tho ends of their ram- 
rods against walls and trees, to drive home the bullet, and the 
ivil was so serious as to have threatened at one time to lead 
to the abandonment of the Enfield rifle. But some experiments, 
which were carried out by Colonel Boxer, showed that it was pos- 
sible to reduce the diameter of tho bullet considerably without 
affecting the accuracy of shooting. He found that a redaction 
of diameter from 0*568 inch to *55 inch (giving a windage of *022 
inch) might be safely made, and the loading difficulty was thus 
completely overcome. Other minor changes were made, such, 
for example, as the addition of a out through the paper sur* 
rounding the bullet, in order to cause the paper to free itself 
readily from the bullet in flight ; tho adoption of an improved 
powder, more uniform in its action, and better adapted to secure 
the just expansion of the bullet ; the substitation of a baked 
olay plug for one of box-wood, whioU, as before stated, has super- 


seded the iron cup of the original Minid. The iron cup was given 
up because it was liable to be blown through the bullet ; the 
box- wood plug was given up on account of the cost of box-wo:>d ; 
and the clay plug was adopted as being inexpensive and efficient* 
Tho part which the plug plays in the action of the bullot must 
bo noticed. It is generally spoken of as the expanding agent. 
This is true to a certain extent ; but the expansion can also be 
secured without any plug. In the Pritchett bullet, for example, 
which for some short time was used with the Enfield rifle, there 
is only a shallow hollow, and the expansion is due partly to the 
action of the gas within this hollow, and partly to the ” upset- 
ting” of the bullet, which is due to its inertia. Other bullets — 
the Whitworth, for example — depend entirely upon the “upset- 
ting ” or “ over-taking ” action. But the plug serves a fu^er 
and important purpose. It is a supporting as well as an ex- 
panding agent. The Pritchett bullet was found to foul, for 
tho simple reasons that the expansion was not so promptly 
effected as in a plugged bullet, and thus a rush of gas over the 
bullet became possible, and that when the barrel had become foul, 
the expanded sides of the bullet, having no internal support, 
collapsed on coming into contact with the fouling deposit. The 
plug, therefore, servos a threefold purpose : — 1. It ensures tho ex- 
pansion. 2. It makes that expansion so prompt and rapid that 
the chance of an escape of gas over tho bullet is diminished. 
3. It supports tho expanded sides when the rifle has become foul. 

The construction of tho Enfield rifle cartridge is shown in 
the illustrations in the preceding page. It consists of a hollow 
rolled cylinder of paper, or rather a double cylinder, since the 
part which contains tho powder is a separate oylinder contained 
in the outer envelope, by which tho bullet is attached. 

The lubrication is applied on tho outside of the paper which 
surrounds the bullet — up to the shoulder of tho bullet — which 
is loaded with the paper upon it, the top of the cartridge being 
first torn off, the powder poured into the barrel, the papered 
ballet inserted in the muzzle, the rest of tho cartridge being 
tom off and thrown away, and the bullet rammed home. The 
ease of loading with the ‘55-ineh bullet* is so great, that in a 
clean arm it is possible to load without the ramrod, by striking 
the butt against the ground. 

Tho bullets are made of jjerfectly pure lead, tho puvity of 
which is tested by chemical analysis. Any impurity tends to 
alter the weight and to affect tho expansion, and thus to spoil the 
shooting of the arm. The bullets are all made by compre vision — 
the lead being first squirted into long rods — and then formed 
into bullets in a machine, which is one of the sights of Wool- 
wich Arsenal. The weight of each ballet, with the plug, is 530 
grains ; and tho accuracy of manufacture is so great that the 
working limits are only two grains ovo/ and under the mean 
weight. Tho charge of powder is seventy grains. The Enfield 
rifie is capable of shooting with great accuracy up to about 800 
yards, and good practice has boon made with it occasionally at 
longer distances. But 800 yards may practically bo regarded 
as tho extreme limit of accuracy of a bore so large as *577 inch, 
unless the weights of bullet and powder were unlimited, which, 
in view of the soldier’s requirements, of tho quantity of ammu. 
nition which he has to carry, and of the amount of “ kick ” or 
recoil which ho can endure, they cannot bo. We have omitted 
to mention that tho pitch of rifling of the Enfield is one turn in 
six feet six inches ; the grooves are *235 inch wide, and *005 
inch deep at the muzzle, and *013 inch deep at the breech. The 
weight of the arm is as nearly as possible nine pounds. The 
weight of sixty rounds, packed for service, with tho proportion 
of ninety caps, is about five pounds eleven ounces. The same 
ammunition is used with all muzzle-loading rifled muskets of 
*577 bore. A similar cartridge — differing only in tho weight 
of the charge of powder, wWoh is reduced to two drams — 
is used with all muzzle-loading carbines of *577 bore, ^e 
carbines and the short rifles are for the most part rifled with 
five grooves, and a pitch of one turn in forty-eight inches. This 
disposition of rifling is more favourable to accuracy than the 
three grooves and slow pitch. Some oval-bore Lancaster rifles 
having no grooves were also used by tho engineer.^. The boro 
is oval, and the oval being disposed spirally along the barrel 
gives the necessary spin to the ballet. The oval is at muzzle, 
major axis =: *593 inch ; minor axis ~ *577 inch. At breech, 
major axis » *598 inch ; minor axis = *580 inch. The same 
ammunition is used with the Lancaster as with the Enfield rifle. 
The shooting of the Lancaster is, however, decidedly superior. 
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MINERAL COMMERCIAL PRODUCTS. — IV. 

n.— 3UNEBALU FBOFEB. I 

COAL. 

Coal is a msBeral Bubitanoe very generally diffused throughout 
the earth’s surface; it occurs of different geological ages in 
various parts of the world, but by far the greater proportion of 
valuable workable coal is derived from the Carboniferous series 
of formations. Good workable coals are obtained in the laas 
and Oolite ; brown coals and lignites are of Tertiary age. Coal 
oonsistB of vast collections of carbonised vegetable matter, im> 
pregnated in varying dogrrees with the pitchy and resinous 
BubstanoeB now so characteristic of the fir family. Peat bogs 
in superficial beds present perhaps the first stage in such a 
ohange. These mosses of vegetable matter, though containing 
much water, can be made available for house fuel, fuel for manu- 
facture, very fair charcoal, and for the extraction of naphtha, 
paraffin, tar, etc. In the presence of an abundant supply of 
<joal, peat cannot be economically employed, but it is extremely 
useful where coal is scarce, as in Holland, many parts of France, 
Germany, and Ireland. A nearer approach to true coal is the 
lignite, woody, or brown coal. This mineralised vegetable pro- 
duct, like peat, contains a considerable quantity of moisture, 
and it suffers in quality on exposure to the air. It is a Tertiary 
•deposit, and is found in Breslau, on the Ehine, in Germany, on 
the Danube, and the shores of the Baltic, in Styria, Tuscany, 
Nova Scotia, Now Zealand, Devonshire, and County Antrim. 
True coal is very compact, has for the most part lost its woody 
.and fibrous character, and contains a very small quantity of 
earthy matter. It consists of two principal varieties, the bitu- 
minous and the anthracitic. Bituminous coal contains a large 
^proportion of gas, tar, paraffin, and such substances, and burns, 
therefore, with a brilliant flame. It is, hence, peculiarly adapted 
for domestic consumption, for gas, for manufactures, coke, 
etc. The bituminous coal richest in volatile constituents is the 
variety called “ Cannel”— in Scotland the “Parrot” — which 
ibums with great brilliancy. Other varieties are splint and cubic 
coals. A semi-bituminous coal, burning with less brilliancy and 
rapidity, but affording great heat, is called “ steam coal,” from 
its use in famishing the supplies of steam-vessels taking long 
voyages. The middle part of the South Wales coal-field (the 
western is bituminous), and a part of the Newcastle field recently 
worked, contain excellent coal of this character. 

Anthracite coal is very hard and glossy, not soiling the 
fingers. It is almost pure carbon, containing but a very small 
j)roportion of gaseous products. It bums with a very feeble 
flame, but gives an intense heat. From its comparative diffi- 
<5ulty of combustion it was formerly but Httlo used ; but by the 
introduction of the hot-air blast, and other improvements in 
furnaces, it can be made available for many manufacturing pro- 
loesses, particularly that of the preparation of iron, for which it 
lis now extensively used in Wales (the eastern part of the coal- 
Ifield being anthracite) and the United States. 

Notwithstanding the enormous consumption of this important 
fuel, the supply will, perhaps, never be exhausted. Immense 
areyas in the Now World must be added to the still profusely 
abundant districts of the Old. The coal area of Great Britain 
and Ireland amounts to thousands of square miles in extent ; 
when we add to this the known deposits in the rest of Europe, 
-in Asia, in America, Australia, and Africa, covering a surface 
of many hundred thousand square miles, we see how vain it is 
to anticipate the day when our fuel shall have been consumed. 

The following table may not be devoid of interest in showing 
how the exports of coal from the United Kingdom have 
dnoreased within recent years. The quantities in the second 
column include all the different kinds of coal, cinders, and culm, 
while the third column contains the declared value ; — 


Tears. 

Tona 


Deo. Value. 

Tears. 

1858 

0,529,483 

\ 

£3,045,434 

1866 

1869 

7,006,949 


8,270,013 

1880 

1860 

7,321,832 

1 

8,816,281 

1881 

1861 

7,855,115 

3,604,790 

1S82 

1862 

8,801;852 


3,760,867 

1883 

1868 

8,275,218 


3,718,798 

1884 

1864 

8,809,906 


4,165,773 

1885 

1865 

9,170,477 


4^427,177 

1886 


Tons. 

0,953,712 
i 18,719,971 
19,587,063 
20,931,418 
22 , 775 ,^ 

28,770,957 


Dec. Value. 

£5,10^805 

s; 785,950 
9,564,616 
10,645,919 
10,851,130 
10,633,151 
9,837,338 


e? 


The average annual produce of the principal coal districts of 
the globe was in 1884 as follows : — 


Britain . . 
Germany . . 

France . . 

United States 
Belgium . . 


Tom, 

160.757.779 

57.109,320 

20,127,209 

95,000,000 

18.051.499 


Austro-Hungoiy 
Bussia . . . 

India and Japan 
Australasia . . 
Canada . . . 


Tone, 

18,191,000 

18.000,000 

3,000,000 

3,478.863 

1,600,000 


BITUMINOUS SUBSTANCES. 

Many bituminous subatanoes ore produced in vegetable 
matter during its conversion into coal ; the chief of these ars 
naphtha, petroleum, and asphalte, whioh are all hydro-oarbona 
of varying proportions, and of an inflammable nature. The 
bituminous substances are widely distributed, especially in the 
tropical and sub-tropical regions — a ciroumstanoe which evi- 
dently indicates that the substances are due to extensively 
operating natural oauses, and not, as usually supposed, to the 
accidental combination of special agencies. 

The modes of ooonrrenoe of asphalte deposits seem referable 
to three principal divisions : — 1. In the rocks of igneous origin ; 
this is the case in Cuba, and at Mount Lebanon. 2. In stratified 
rocks of the Paleoozoio and Mesozoic epochs, usually dissemi- 
nated in a granular form throughout the entire stratum, or 
issuing from the soil, or exuding from fissnros in the rocks, in 
the form of springs of petroleum, naphtha, e^. 3. In rocks of 

Tertiary age, nsually aoeompanied by lignite or brown coal. 
These are the most abundant sources of asphaltio substonoes, 
and include those of Pegu, Trinidad, etc. 

Naphtha is a transparent and nearly colourless fluid, burning 
with a copious flame and strong odour, and leaving no residuum. 

Petroleum is dark-oolonred, and thicker than common tar. It 
rises in immense quantities from some of our coal-beds, and 
impregnates the earth so as to form springs and wells. Petro- 
leum springs contain a mixture of petroleum and the various 
substances allied to it : they occur in abundance in Modena and 
Parma, Italy, Persia, Canada, United States, etc., but the most 
powerful are those in the province of Pegu, in the Burmon 
Empire. In many parts of the world petroleum is now the most 
abundant source of photogon and paraffin. The petroleum or 
rook-oil of the United States is refined for illuminating pur- 
poses, while in the orude state it is a good lubricant. 

Bitumen^ ot Aephalte^ is an inspissated mineral oil, of a dark- 
brown or black colour, with a strong odour of tar ; the most 
valuable is hard, brittle, of a brilliant lustre, and eminently 
oonohoidal fracture ; a variety occurs of the consistency of jelly, 
and bearing some resemblance to soft india-rubber. It is very 
abundant on the shores of the Dead Sea, occupies the so-oallod 
pitoh-lako in Trinidad, and occurs in Cuba, Peru, Mexico, Ionian 
Isles, Portugal, etc. The Bangoon tar or Burmese naphtha is 
distilled from a number of volatile hydro-carbons, chiefly used 
as lamp fuels; those known as Shorwoodole and Belmontino 
have considerable detergent power, removing stains from silk 
without impairing delicate colours. Bods of limestone and clay 
occur impregnated with bitumen, and from such porafiin is dis- 
tilled in Britain, Germany, Prance, Austria, etc. 

Jett BO much prized in the manufacture of ornaments for its 
intense blackness, its lightness, and its beautiful polish, is a 
variety of lignite highly bituminisod and free from earthy im- 
purities, and resembles Cannel coal, but it Is blacker, and has 
a more brilliant lustre. It occurs in the Upper Lias of Whitby, 
in which it is very abundant, in Languedoc, Asturias, the Alps.* 
Gkilioia, and Massaohusetts. The jet manufacture of Whitby 
is a valiikble industry. 

Amber is a fossil resin, the origin of whioh has been traced to 
coniferous trees. It is found in alluvial gravels. It occurs 
too, in the Cretaoeous marls of Franoe and Germany. It is 
procured from Prussia, the shores of the Baltic, the Adriatic 
and Sicilian shores, and from Japan, Madagasoqr, and the 
Philippine Islands. 

Oum Copal is a semi-fossilised gum found in a erndy soil in 
the hilly districts all along the coasts of Angola, th^ total yearly 
export of which from all the districts of Angola is estimated at 
2,000,000 lb. A gum oopal is obtained under similar condi- 
tions from Sierra Leone and Zanzibar, the origin of whioh, aa 
well as that of Angola, is still unknown. 

Some copal resins are exudations from living trees, as 
furnished by Quibortia copallifera of Siena Loono, and others* 
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TECHNICAL DRAWING.— V. 

FBESHAND D&AWING {contilMAed). 

Aqbbeablt with the plan already laid down, to practise free- 
hand concurrently with linear dmwing’, the following figures 
are given as examples of objects which are so nearly fiat that 
they can be rendered by th^ outlines only, without a know- 
ledge of perspeotive, which the student has yet to acquire, 
and in which les- 
sons will be given 
further on. 

Fig. 25 repre- 
sents a pair of 
compasses, such 
as are commonly 
used by joiners. 

In beginning this 
simple subject, 
draw a horizontal 
line, and on it 
erect the perpen- 
dicular A B. 

From A B;?t off 
A c and A D, and 
joining B c and 
B B, complete the triangle 
C B D. 

The apex of this triangle 
will be the centre of the 
rivet, Drawtho small circle 
around this point, and the 
larger circle for the head 
of the compasses. 

Next draw the lines x c 
and FD, which form the 
outer sides of the instru- 
ment, and which are slightly 
curved. The inner sides to 
O and H are straight, and 
are portions of the triangle 
previously drawn. The 
lines I and J correspond 
with the outer edges, of 
which, indeed, they form 
portions when the compass 
is closed. 

Fig. 26 is an outline of 
A shaping-knife, and but 
very few instructions will 


Fig. 27. 



This habit of observation is one of the beneficial results ot 
mental training, and no instruction is so likely to induce it as 
drawing ; for a man who accustoms himself to dmw from objects, 
will, in the old-fashioned words, **walk through the world with 
his eyes open,** and every day, nay, every hour, will add to his 
stock of information, and of his power of delineating the objects 
he sees. To workmen this is especially important, and prance 
. in drawing tools will be both interesting and useful. 

In the figure 

now before us, 
the long oblique 
line, a &, forming 
the back of the 
saw, is to be 
drawn first, and 
then 5 c at right 
angles to a 5. 
At a, a short 
curve will lead to 
the line d, which 
is a continua- 
tion of the baokf 
thence the line 
turns to e, form- 
ing the end of 
the saw. ^om e draw a 
fine line on which to rest 
the edge, and on this set 
off the distances of tha 
points of the teeth; on 
these points the short Unes 
forming the front edges of 
the teeth are to be drawn. 
It is advisable that these 
should all be drawn first, 
as it is then easier to see 
whether they are all at 
equal distances, or parallel 
to each other, or not. When 
these are satisfactorily 
done, the back line of each 
tooth may be drawn. 

The handle must now be 
added, and this requires 
some little care. 

Carry on the line from 
& in a curve downwards, 
and then the eye must di- 
rect you in following the 


be required for copying it. Draw a horizontal line for the back ' 
of the tool, and two lines at right angles to it, which are to 
form the centre lines of the bandies. The instructions given 
in relation to the handle of the screwdriver will servo for these : 
as well; but you must be careful to get the two handles 
precisely alike. When this is accomplished, draw the edge of 
the blade parallel to the back, and then complete the curved 
portions by which the blade is united to the handle. 

Fig. 27 is a drawing of a tool with which the carpenter will 
be well acquainted ; but iff often happens that although we may 
have seen a thing daily, we have never noticed the peculiarities 
in its form which may strike a casual observer. 


form until you come to g. Eetuming to /, draw/h, and follow 
the curve to i } next, the under side of the handle, i then 
the curve g j will complete the external form of the handle. 

Now return to the point i, and carry the curve round so as to 
form the inside of the handle. The screws are to be drawn 
next, and no workman will require to be reminded that these 
must be placed tuside the line h c; in fact, it was to make 
sure that the screws should be rightly placed that ^e whole 
line h c has been drawn, whilst only the portion i c is ro- 
quirecL 

Now, ail saw-handles are not precisely alike, and further, th^ 
edges are bevelled off. so t^^t at.f h i, etc., double lines would ' 
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All this is, however, omitted here, so as to keep the 
example as simple as possible. Wben, however, this is mastered, 
the stadent is advised to make a drawing from his own »a/w, and 
> having sketohed the general form as in the present figure, to 

fill in any detail he may 


Fig. 28. 



observe. 

But he shonld also at- 
tempt to draw it in some 
other position: for in- 
stance, hanging by the 
handle from a nail in the 
wall. 

Whilst making such a 
sketch, the paper mnst 
bo kept perfectly straight 
in front of the stadent ; 
bat when the form is 
completed, he shoold 
turn it so that it may be 
in the position of that 
in Fig. 27, and he will 
then possibly see many 
points requiring correc- 
tion. Still, it is neces- 
sary that he should be- 
come accustomed to 
sketching objects in any 
position in which they 
may be placed, and this 
will soon be accom- 
plished by practice and 
perseverance. 

I.INEAB DBAWINO BY MEANS OP INSTRUMENTS (continued). 

Fig. 28 is the section of a dam, or wall of planks, which 
confines the soil subject to the action of water. Of course, 
the strength required for 
each a dam must depend 
on the height of the water- 
level — that is, the wall must 
be strong in proportion to 
its height. Fig. 28 is one 
of the simplest examples 
of these constructions, and 
consists of piles, placed at 
a distance from each other, 
which must be regulated, 
first, by the nature of the 
soil at the back of , the dam, 
and its tendency to press 
forward; and secondly, by 
the thickness of the planks 
employed for the wall, which 
must be such as to resist 
their being bent by the force 
of the soil they confine. Of 
course, the more such pres- 
sure is to be expected, the 
closer must the piles be 
placed. 

The piles are in the above 
example connected at the 
top by a cross-timber, into 
which they are mortised, 
pie planks are then placed 
horixontally at the back of 
the piles, and may be united 
by the methods shown in 
previous lessons. 

in this subject is very simple. First, the pile | 
a, with motion of the cross-beam b ; next, a line paraHel to the ' 

distance from it equal to the 
tmctoess of the planks of which the wall is to be constructed; 
w^een these two lines short horizontals are to be drawn, or 
edges shown, according to the method adopted. 

Uig. 29 IS the section of a dam used in oases where the soil 
18 v^ swampy in character, or where the external water 
might pass through fissures in the bed of the stream, and so 



Fig. 29 



enter the foundation at a lower level than the bottom of the 
wrII adopted in the previous case. The plan here adopted is 
to drive in the strong piles a, and to connect these hj the 
cross-timber 6, partially sunk and temporarily fastened on to 
them. Another timber, 
d, is then to be laid on 
the bed of the water, 
parallel to b, and this 
is also to be bolted on 
to the piles, and at the 
back of these the wall 
of perpendicular planks, 

I united at their edge by 
I one of the methods al- 
ready shown ; or sheet- 
piles, c, may be used — 
these are driven down 
far below the bed of the 
water, as the circum- 
stances may require. 

Each of these planks 
having been driven until 
it reaches more solid soil, 
the strong rail, e, is 
placed at ,the back of 
them, and a bolt passing 
through e, b, and a binds 
them all flirmly together; 
the heads of the planks 
are then sawn off to one 
level. 

Fig. 30 is a section of 
one of the walls of a coffer-dam. A coffer-dam may be defined 
as a water-tight wall, enclosing the site on which the pile of a 
bridge or other structure surrounded by water is to be erected. 

Coffer-dams are, of coarse, constructed of a strength sufilcient 

to bear the pressure of the 
water from without, which 
would sometimes damage, 
or even demolish them alto- 
gether, were it not that they 
are secured by struts, and 
otherwise strengfthened. 

The coffer-dam, of which 
Fig. 30 is a section, is one 
of the simplest used ; it con- 
sists of a double row of 
piles, a, a, united by the 
head-piece, b, the rows of 
piles being kept at equal 
distances from each other 
by cross-timbers, c, which, 
as will bo seen in the illus- 
tration, act as a cramp in 
preventing them either 
spreading outward, or being 
pressed inward. 

Walls of planks, d, d, are 
next attached to the inner 
sides of the piles, the in- 
ternal space being then 
rammed with clay, etc. 

In drawing this and the 
future examples, the stu- 
dents are reminded that they 
are arranged progressively, 
and that as the subjects 
increase in difficulty, addi- 
tional care and accuracy are 
required. Again they are urged not to be content with their 
work being nearly right. To carpenters and joiners this 
accuracy is especially important, for the different parts, got 
out by separate workmen, must, when required, fit exactly to 
each other, and this would not be the case if either one of 
them had boon careless or inaccurate. This exactitude is cnly 
to be obtained by accustoming yourself, from the very outset, to 
measure with care, and to draw your lines exactly through the 
proper points. 
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NOTABLE INVENTIONS AND INVENTORS. 

II.— CLOCKS AND WATCHES. Dover Castle olook. It is said that the &st 

The earliest recorded timepiece is the sun-dial of King Ahaz, olook at Bologna was fixed up in 1858. Henry de Wyok, a 
who lived about B.o, 742, Hie first oonstruoted on mathe- German artist, placed a clock in the tower of the palace of 
matioal principles was placed at Bomo, B.o. 208, until which Charles y., about 1864 ; Edward IH. gave protec^on ta three 
period the heavenly bodies appear to have been the only Dutch horologiers, who were invited from Delft into Ehgland 
measure of time known to the Romans. The most perfect sun- in 1356 ; and this appears to have been the probable introduc* 
dial was, however, unavailable when the atmosphere was tion of clockwork into England. The origin of the fanaoue 
charged with clouds ; hence the dropping of water, being nearly olook in Btrasbnrg Cathedral dates from 1852: the aarttst^a 
a regular motion, was, at a remote period, applied to the name is unknown, but the olook was a highly successful work 
measurement of time. About the year b.c. 145, Ctesibius of of the art of the period. It was divided into three ports— a 
Alexandria invented a clepsydra, and he is even said to have universal calendar, an astrolabe, and figures of three kinga and 
applied toothed wheels to water-clocks. In the year a.d. 800 the Virgin carved in wood. At the striking of each hour the 
the Caliph Haroun al Raschid presented to the Emperor three kings bowed to the Virgin, whilst a carillon played a 
Charlemagne a clepsydra of gilded bronze, which is stated to cheerful tune, and a cock crowed and fiapped its wings. This 
have performed many wonders, altogether incredible ; it is, olook being out of order in 1547, its repair was entrusted to> 
however, the first time-keeper which is recorded to have struck the charge of three mathematicians of high repute : they died 
the hour. Alfred the Great, we are told, measured time by before their work was finished, bnt it was taken np by a pupil 
burning wax-candles marked with circular lines to indicate the of one of them. Count Dasypodins, who completed his task iz> 
hours ; bnt these must have been imperfect time-keopers. four years. The clock went well until the year of the great 

By whom was first invented the clock with wheels having a revolution, when it struck for the last time. Nearly fifty years* 
balance, it is hard to say. ; it was, however, originally called a passed, when one Schwilg^n, a mathematician of Strasbnrg, 
horologef the word clock (probably derived from the French repaired and reinstated the clock, in four years, from Jnne24th,^ 
cloche f a bell) being applied oven so late as thok fourteenth 1836, its mechanism was placed in the old case, the figures 
century to the bell which was rung to announce certain hours being increased and improved by jointed limbs. The quarter 
indicated by the sun-dial or clepsydra. The word horologe chimes are struck by four figures which move in a circle around 
being formerly applied indiscriminately to a dial as well as a a skeleton mower ; the hour bell is struck by a figure of an 
clock, nothing decisive can be inferred from its use. A method angel turning an hour-glass, through which sand runs. Every 
of making clocks without; the assistance of water was known day at noon there is a procession of the twelve apostles round 
about the year 1129, and they were set up in churches as early a figure of the Saviour; the cock flutters his wings, opens 
as 1174. Towards the middle of the thirteenth century a his beak, and crows three times. The clock shows the month, 
Saracen is stated to have received a sum equal to J&2,000 for the day of the month, the sign of the zodiac, the Dominical 
having made a clock moved by weights. This machine was letter, the sidereal time, the Copemican planetary system, and 
afterwards presented to Frederick II., Emperor of Germany. the precession of the equinoxes ; and its mechanism marks the 
iTie first author who has applied the term horologe to a 29th day of February in every leap year. The full meohan- 
olook appears to be Dante, who was bom in 1265, and died in ism is set in motion at noon only. Fortunately, this curious 
1821. It would thus appear that striking clocks were known clock was not injured during the destructive siege of Strasburg 
in Italy as early as the latter part of the thirteenth or beginning by the Prussians in 1870, though the cathedral did not escape.^ 
of the fourteenth century. In the reign of Henry VI. a pen- Lehmann informs ns of a olook at Spires with such mechanism 
aion was granted to the Dean and Chapter of St. Stephen’s for in 1395. Nuremberg had a public clock in 1462. Anxerre* 
taking charge of a olook placed in a turret in Palace Yard, had one in 1483, and Venice in 1497. The clock in the north 
opposite to Westminster Hall, which olook was the work of an tower of Exeter Cathedral has two dials, and its construction 
English artist. It was erected in the time of Edward I., a.d. is referred to the reign of Edward III., when the science of 
1288, from a fine imposed on the Chief Justice of the King’s astronomy was in its nonage, and the earth was universally 
Bench. This famous clochardf or bell-towor, was built in the regarded as the central point of the universe. The upper disc 
reign of Edward III., 1305-6, and Henry VI. gave to the Dean of this olook, which was added in 1780, shows the minutes, 
the keeping of this clock, with 6d. per day, to be received at The hour disc is divided into three parts ; the figure of the earth 
the Exchequer. About the same time a clock was placed in forming the nucleus of the innermost circle, that of the sun 
Canterbury Cathedral. Then we have an authentic account of traversing the outer space, that of the moon the intermediate- 
one of the earliest astronomical clocks, a clock invented by one. The sun is stamped with a flenr-de-lis, the upper end 
Richard Wallingford, abbot of St. Albans, who, in 1326, had pointing to the honr of the day, the lower to the age of the 
it placed in the monastery. It showed the hours, the apparent moon ; while the figure of the moon is made black on one side, 
motion of the snn, the changes of the moon, the ebb and flow and moved b^ the clockwork, so as to imitate the inconstant 
of the tide, etc. In the time of Henry VIII., Leland said, “ All original. 

Europe could not produce such another.*’ Wallingford’s In 1382, the Duke of Burgundy ordered to he taken away 
account of this olook is preserved in the Bodleian Library, from the city of Courtray, on the entry of the French army, a 
When the inventor hod finished this clock, so scarce was the olook which struck the hour, and which was the best at that 
knowledge of mechanics that he was obliged to compose a book time known ; the Duke had it brought to Dijon, his capital, 
of directions for managing and keeping the clock in order, lest where it may be seen in the tower of Notre Dame. The oathe- 
it should bo mined by the ignorance of the attendants. The dral clock at Lyons, dated 1385, was nearly as onrious as the 
old olook in Wells Cathedral (removed from Glastonbury Abbey above. It resembled in its mechanism the Strasburg olook r 
at the Reformation) was constructed about the year 1320, by two horsemen had a combat on the dial-plate ; a door opened 
Peter Lightfoot, a monk of Glastonbury ; the dial showed the and displayed the Virgin Mary with Jesus Christ in her arms ; 
motions of the snn, moon, etc. On the top of the clock eight the Magri, or Wise Men with their retinue, presented their 
armed knights saluted each other with a rotatory motion. gifts, headed by two trumpeters playing. La Orosae Horloge- 

In^ 1344, James Dondi, citizen of Padua, philosopher, at Rouen is chiefly remarkable for its great size. The cathe- 
physioian, and astronomer, constrncted for his native city a dral olook at Lnnden, in Denmark, said to have been constructed 
clock similar to Wallingford’s ; this obtained for him the name in 1390, must have been copied from Lyons Cathedral clock ; in 
of Horologious, and his family existed at Florence till onr time, the dial are seen the year, month, week, day, and honr of every 
and bore his name. His son, John Dondi, made another clock day throughout the year, with the feasts movable and fixed,, 
for the city of Padna. Abont the same time one still more com- and motion of the snn and moon ; the clock strikes by two* 
plicated was made for Padua by William Zealander. Clock- horsemen in encounter giving as many blows as the bells 
making also flourished in Germany, particularly at Nuremberg, sound hours ; the Virgin Mary, enthroned with Christ in her 
about the beginning of the sixteenth century. The middle arms, the Ma^, etc., as are shown at Lyons. Lnbeck Cathedwl 
of ^ the fourteenth century seems to afford the first certain clock, date 1405, represents the changes of the heavenly bodies 
evidence of what would bo now called a olook, or regulated until 1875 ; when it strikes twelve, a number of antomaton 
horologioal maohine. There is a clock iu Dover Castle, dated I figures are set in motion ; the Electors of Germany enter from 
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a small side door, and inangarate the Emperor, who is seated 
upon a throne in front. Another door is then opened, and 
Christ appears, when, after receiving his benediction, the whole 
oaraloade retires amidst a flourish of tmmpets by a choir 
of angels. On each side are bas-reliefs of passages in the life 
of our Saviour ; in that of the Last Supper, a mouse is peeping 
from beneath the tablo-oloth — the motise representing the 
armorial bearings of the once puissant Lubeck. The similarity 
of the above clocks has led to the supposition that they were 
constructed from a desigrn under Papal authority, to cause 
wonderment in the people. 

About 1525 the clock of St. Mary’s, Oxford, was furnished 
out of fines imposed upon students of the University. In the 
middle or clock quadrangle, of Hampton Court Palace, over the 
principal entrance, is, according to Dr. Berham, the oldest 
English-made clock extant, constructed in the year 1540, by a 
maker of the initials O.*’ This clock contains mechanism 
for representing the motions of some of the heavenly bodies. 
CopemiouB was living at the time of its date, but more than a 
century elapsed after this time before the invention of the 
pendulum was applied as the regulator of clocks. These facts 
render the wheelwork of this ancient clock, and especially its 
celestial mechanism, very interesting. Dr. Berham, describing 
it in his ** Artificial Olockmakor,” 1714, states that the Hamp- 
ton Court clock shows the time of day, and the motions of the 
sun and moon, through all the degrees of the zodiac, together 
with the days of the month, the sun and moon’s place in the 
ecliptic, the moon’s southing, etc. Langley Bradley repaired 
it in 1714, and it was again altered and repaired somewhere 
between 1760 and 1800. The astronomical furniture' is in- 
correctly attributed to Thomas Tompion, the celebrated clock- 
maker, but he died in 1669, or about 129 years after its con- 
struction, though he might have been employed upon it (see 
Henderson’s ‘‘Horology,” pp. 16, 18, 2nd Edit. 1836). 
dial, and part of the wheel attached to the back of the dial, 
still remain. About the year 1560, the Banish astronomer, 
Tycho Brahe, possessed four clocks, which indicated the hours, 
minutes, and seconds ; the largest of these had only three 
wheels ; one was about three feet in diameter, and had 1,200 
teeth in it, a proof that clockwork was then in a very imperfect 
state. In 1577, Moestlin had a clock so constructed as to 
make just 2,528 beats in an hour, 146 of which were counted 
during the sun’s passage over a meridian or azimuth line, 
and thereby determined his diameter to bo 34' 13" ; so the 
science of astronomy began thus early to be promoted by clock- 
work ; and astronomy, in its turn, gave rise to some of the 
most essential improvements in clookmaking. Martinolli, in his 
work printed at Venice, 1663, described an old clock going in 
his time in the Grand Piazza, in which two Moors struck the 
hour upon a bell, three kings entered from a door, and after 
making obeisance to figures of the Virgin and Child, placed in 
a niche, retired through a door on the opposite side. John 
Evelyn relates that about the middle of the seventeenth century, 
a man was killed by this famous clock ; While repairing the 
works, he stooped his head in such a position, and in such a 
nick of time, that the quarter boy struck it with his hammer, 
and knocked him over the battlements.” 

In the palace of Versailles are two curious clocks, one being 
the clock of the king’s death, in the Cour de Marhre, This 
clock has no mechanism, and has only one hand, which is 
placed at the precise moment of the death of the lost king 
of France, and is not moved daring the whole of his successor’s 
reign. This custom dates from the time of Louis XIII. In 
the saloon of Mercury is a clock dated 1706 ; each time that it 
strikes, two cooks flap their wings, small doors open, and two 
figures advance, holding bucklers, on which Cupids strike the 
quarters ; a figure of Louis XIV. steps forth, and from a cloud, 
Victory descends and places a crown on the king’s head ; the 
puppets all disappear, and the hour strikes. In the little town 
of Lambex, there is on the top of a tower a human figure who 
strikes the hour with a hammer; as it does so, a woman 
appears, makes him a low curtsey, and then walks once round 
him. 

Invention was, for a time, limited to enriching clocks by the 
addition of moving figures, processions of saints, with the 
Virgin, representations of mysteries and pious subjects ; while 
others were made by the more learned to represent the motions 
of the heavenly bodies. Oi this class were the two “ wooden 


horologists ” of St. Bunstan’s, Fleet Street, which struck the 
quarters upon a suspended bell, each moving his head at the 
same time. These figures of savages, life size, carved in wood, 
stood beneath a pediment, each having in his right hand a club, 
with which he struck the bell. There is a like oontrivanoe to 
the above in Norwich Cathedral ; and a general name for these 
figures was Jacks of the Clockhouse.*’ 


PROJECTION.— IV. 

PBOJXOTXON ON THX INCLINED PLANE. 

On referring to the projection of the cube (Fig. 17), it will 
be seen that it is there represented as if placed with its faces 
at 45*^ to the vertical plane, the line of the diagonal of the plan 
being parsdlel to the vertical plane. We must now consider 
the mode of projecting views of objects, at whatever angle toey 
may bo placed in relation to both planes. 

I^t it bo required, then, to project the cube when its faces aie 
at 30^ and 60^ to the vertical, and when it stands on a plane 
inclined at 26'^ to the horizontal plane. It may hero be pointed 
out, that in projecting viev?8 it is necessary to raise the objects 
at one side, or to place them on inclined planes ; for otherwise, 
as they are supposed to be exactly on the level of the eye, the 
elevation oply (as in Fig. 17) would bo seen, but when raised 
at one side the top becomes visible. 

Place the plan (Fig. 35) at the required angles to the inter- 
secting line. Draw the line A (Fig. 36) at 25*^ above the line. 
This line represents the edge (or side elevation) of the inclined 
plane on which the cube is supposed to stand. 

Draw the lino B (Fig. 35) at right angles to the intersecting 
line, and from a h c d draw lines at right angles to it, and 
cutting it in a' 6' c' d\ 

Now it will be evident tliat these would be the widths which 
would be presented to the view of the spectator when looking 
at the sides acd from the point c in direction of the arrow, 
and therefore, if perpendiculars equal to the height of the cube 
be drawn on a h' <^ d\ and their extremities joined by a line 
parallel to B, D will be the elevation of those sides. 

Fig. 36. — Transfer the points a*\! d d' to the inclined plane 
(a), and on them construct the elevation as at d. The per- 
pendicular at h is to be a dotted line ; for, although known to 
exist, it would not be seen from c unless the object were sup- 
posed to bo transparent. 

Now, by drawing perpendiculars from tbo points in the plan, 
and intersecting them by horizontals from the points correspond- 
ingly lettered in the elevation, the projection E (Fig. 37) will 
bo obtained. 

It is now necessary to obtain the upper projection of the 
object — that is, the view from F, looking in the direction of the 
arrow. 

Now it must bo remembered that the elevation on the inclined 
plane is the view obtained from c (Fig. 35). It is therefore 
necessary that as this elevation has been turned round, the widths 
of the plan should bo turned round also. Take the line e /, 
which in the plan is at right angles to the vertical plane, and 
place it (indefinite in length) parallel to the intersecting lino 
(Fig. 38). Draw a perpendicular from a, in the elevation (Fig. 
36), to cut c / in a. This gives the plan of the one angle of the 
top of the cube. From h ^aw a perpendicular, catting cf in. g, 
and from g set off on this perpendicular the distance h g* in the 
plan (Fig. 35), viz., to 6. From c (Fig. 36) draw a perpendicular, 
cutting e f in hi from h set off k' c of the plan — viz., to c. 
From d draw a perpendicular cutting e / in i. From i set off 
the length i d of the plan. Join abed, and this figure will 
be the plan of the upper surface of the cube. From each of 
those points draw lines parallel to 1 L, intersect those by per- 
pendiculars from the corresponding points in the bottom of the 
elevation, and lines connecting these points will complete the 
projection of the cube when viewed from above. 

SIDE OB END ELEVATIONS. 

'The last lesson will have shown us that other views besideB 
front elevations are necessary. These are called side or end 
elevations. In objects which are uniform in character, suoh 
as the cube (Fig. 37), the elevation of each end may be the sameg 
but in a locomotive engine, a lathe, etc., the end elevations 
differ materially from each other, and in such cases several 
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dsEftwingfl are neceasarj in their oonatmotion and in their 
prpjootion. 

The mode] shown in Fig. 89 is similar to that given in the 
first lesson ; but the vertioal plane, instead of being made of 
one pieoe, rotates on hinges at a h, and may be brought forward 
to c, so as to be at right angles to both planes. 

XM us now plaoe a thin metaJ plate, de/g^ perpendicularly 
on the horizontal plane, with its surface parallel to the vertio^ 
plane; then it will be seen that h ij h is the front elevation, 
and t]^t the view when looking at its edge, in the direction of 
the arrow, will be the line I m projected in the plane ah cn, 
and this is the end elevation. If now this plane be turned 
back to its original position (that is, rotated on the line a b) 
untU it forms a continuation of the vertioal plane, and c has 
moved to o', the end and front elevation will appear on the 


edges are parallel to the vertical plane : the elevation is then 
shown in the dotted perallelogram, h c d e. Let ns now raise 
the prism at one end (Fig. 45), so that its under side is at 20^ 
to the horizontal plane. In this case it will be seen that the 
prism rests upon the line e/, and the points of the end dera- 
tion will now become visible in the plan, and if this plan be 
turned (as at Fig. 46) at an angle (say 45^) to i L, perpendicular 
lines from the points of the pl^ intersected by he rizontal lines 
from the elevation will give the projection of the object at a 
compound angle (Fig. 47). 

Fig. 48 shows the plan, and Fig. 49 the elevation of four 
such prisms meeting at a point, a figure which very frequently 
occurs in designing or drawing the roofs of houses, ohurohes, 
etc. 

The plan is formed of two figures similar to the plan of the 



Kaiue piano ; it will then be seen that the height of V m' is the 
same as h and that in its motion the point I will have travelled 
through a quarter of a circle. 

If now the vertical and horizontal plane be converted into 
one flat surface, by withdrawing the pin r, the plan and the 
front and end elevation will be found to bo those represented 
lu Fig. 40. 

Fig. 41 is the end elevation, and Fig. 42 is the plan of a 
triangular prism when lying on one of its long sides, its edges 
being at right angles and its end parallel to the vertical plane ; 
thus the exact shape of the end — ^that of an equilateral triangle 
— is presented to view. But when the prism is turned, so that 
the plan is at an angle to the vertical plane (Fig. 48a), the 
elevation (Fig. 435) becomes materially altered; for as the 
object has rotated on the point 6, a has receded, whilst f has 
advanced, and the apex, d, of the opposite end, which in Fig. 
41 was hidden beyond c, now becomes visible ; the height, bow- 
lder, remains the same as in the original flgure. 

Fig. 44. — Here the plan ah e f ia farther rotated until its 


last prism, crossing each other at right angles, and from this 
the elevation is easily projected. 

Figs. 50 and 61 show the projections of the object when 
placed at on angle to the vertical plane ; and Fig. 52 is the 
development of one of the four parts of wluch the model is 
composed. To construct this development on a straight line, 
set off three spaces equal in width to the sides of the prism, 
a' h fay and erect perpendiculars from the points. Make these 
perpendiculars equal to the lines similarly lettered in the plan. 
Now it will be clear that when two pare^elograms, like those 
forming the plan of the prism, cross each other, they will form 
four right angles at the centre. Therefore, at df and e con- 
struct angles of 45^, which will meet in c and form the required 
right angle, and this will complete the under side. Draw e h 
and c i at right angles to e c and d* c, and equal to the altitude 
of the triangle a c in Fig. 41. Join d' % and h e. Then the 
right-angled triangles, d^ ci and s c h, turned up at right angles 
to ah cd By win form the upright sides of the mitre ; t and h 
will then come together. The triangular end, which is repre- 
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to the Tertioal 
plane; as in all 
the loanee in a 
Himilar position^ 
the eleyation 
would he 

firreatest widi^aa 
A c B (Fig. 54). 

Now let it be 
required to oon» 
straot the plan 
of thia fLgaie, 
when the plane 
resting on A b is 
raised to an angle 
of 30® to the 
horizontal plane. 
Then, as each of 
the points c D 
and B will travel 
through portions 
of oircles, draw 
a line at 30® at 
A on the inter- 
secting line, and 
from A, with 


sented as bent 
down, being now 
turned upward at 
right angles to 
the under side, 
the two upper 
sides are to bo 
bent over. Then 
C will meet h i, 
f will meet c", 
and d a will meet 
d' a\ 

THE PEOJECTION 

OF POLYGONS. 

. In Figs. 53 to 
60 the mode of 
projecting a plane 
pentagon is 
shown. 

Fig. 63. — Let 
ABODE be 
the geometrical 
figure when lying 
flat on the hori- 
zontal idano with 
one edge, A and 
B, at right angles 



radius A c and 



A £, describe arcs 
cutting the line 
in points corre- 
spondingly let- 
tered. This, then, 
will be the eleva- 
tion. From e 
draw a porpen* 
dicular cutting 
b/ in e'. From c 
and D draw liner 
parallel to b /. 
Then perpendicu- 
lars drawn from J 
in the elevation 
will cut these last- 
mentioned lines in 
c d*. Join B d\ 
d* s', (f c\ d 
which will com- 
plete the plan of 
the figure. 
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Fig. 55. — Here the plan is torned, so that a' V is at 45* to 
the vertloal plane, and it will be seen that by drawing perpen- 
dionlars from the angles of the plan, and intersecting ibese by 
horizontals drawn from the corresponding points in the eleva- 
tion, the projection of the plane will be obtained. It must be 
remembe:^ that the pentagon bemg regular,*' * a line 
joining c and d will be parcel to A b, and will remain so, 
however much the plane may be raised. Thus, this line <f df 
is represented in the elevation by the point f*-the line itself 
being horizontal and at right angles to the vertical plane 
{see Fig. 2, page 8). Now when ^e object is turned round 
this horizont^« line becomes visible, and the perpendiculars 
from c* d' intersecting it, g^ve the points e” and d", and it 
will then be seen, that os the line joining these points was 
horizontal and parallel to A B in the previous figure, it will 
remain so in the projection ; and this will explain the cause 
of two points in the plan coming on one line in the projec- 
tion — a case which will frequently occur in the projection of 
polygons. 

hHgs. 67 to 60 show the same process adapted to a regfular 
hexagon when resting on one of its angles, which it is expected 
the student will bo able to work out without further in- 
structions. 

ANIMAL COMMERCIAL PRODUCTS.— III. 

DiaiTiOBADA {continued). 

The SkwnTc {Mephitis americana) is common in North America, 
especially in the States of Pennsylvania and New Jersey. It 
is well known for its power of ejecting, when hunted, from a 
small bag placed at the root of the tail, a very offensive fluid, 
which produces one of the most powerful and intolerable 
stenches in nature. This animal is allied to the polecat of 
Europe. Its fur is soft and black, with two white stripes 
running from head to tail. The fur is purified by exposure to 
heat. The London imports of skunk furs amounted in 1886 
to 488,385, which were mostly exported again to other parts 
of the world. 

The American Otter {Lutra canadensis) is aquatic in its 
habits, and lives principally upon fish, which it pursues in the 
water. The colour of the fur changes with the soasons : in 
summer it is short and almost black, but on the approach of 
winter it alters to a beautiful reddish-brown. The motions 
of the otter in the water are very easy and graceful. The short, 
close, fine fur keeps the body at a proper temperature, and the 
short legs, webbed feet, and rudder-like tail enable it to move 
swiftly in any direction in pursuit of its agile prey. In 1886 
nearly 20,000 otter-skins were imported into England from 
North America. 

The Sea Otter {Enhydra marina ), — The fur of the sea-otter 
is thick, soft, and woolly, and much prized in Bussia and China, 
where it is the fur of royalty ; to those countries most of the 
skins are exported. The animal is found in the North Pacific, 
from Kamtsohatka to the Yellow Sea, on the Asiatic coast, and 
from Alaska to California on the American coast. It is a rare 
animal. In 1886 only 4,270 skins were imported into London 
from North America. The sea-otter haunts sea-washed rocks, 
lives mostly in the water, and approximates to the seal in its 
habits. Its fur is generally employed for collars, cuffs, and 
trimmings. It is very beautiful, of a deep velvety maroon 
brown, the anterior parts being of a silvery grey. A very fine 
skin of the sea-otter has fetched as much as J6105, and a muff 
of this skin costs about twenty-five guineas. 

2. FLANTIOBADA. 

This group includes the family of the Ursidec^ or bears — 
heavy, stout-bodied animals, with thick limbs and a very stout 
tail-~which inhabit the wooded and mountain districts of the 
Arctic, temperate, and sub-temperate regions of the northern 
hemisphere. The commonest bear-skin in the English fur- 
market is that of the 

Black Bear {Ursus amerieanus)^ which is imported into this 
country generally from British North America, and chiefly for 
military accoutrements. It is made into caps, rugs, pistol- 
holsters, etc. In 1886 there were imported to the London 
market 18,778 skins. 

* A regular pentagon is one which has all its sides and angles equal. 


The skins of the polar bear {Thalassaretos martfinvus), the 
brown bear {Ursus arctos), and the grisly bear {Ursus feroui), are 
also imported by us in small quantities. 

The Racoon {Proeyon lotor) is indigenous to North America,, 
and usually frequents the sea-shore and the margins of rivers 
and swamps, where it lives upon small animals, birds, inseots, 
and mollusoa, with the addition of roots and succulent vege- 
tables. 

In 1886 no fewer than 477,283 skins of the racoon were im- 
ported into the United Kingdom. Two- thirds of this number 
were re-exported, principally to Germany, where they are used 
for making hate. The hair of the upper part and sides of the 
body is of uniform length and colour, and is employed for tiie 
linings of coats, for rugs, etc- 

The Badger {Meles vulgaris^ Desmarest) is found throughout 
the northern parts of Europe, Asia, and America. Its habits 
are nocturnal, inoffensive, and slothful. Its feet are planti- 
grade, and its long claws enable it to dig with effect, and 
burrow in the woods. It feeds on roots, earth-nuts, fruits^ 
insects, frogs, and the eggs of birds. Its muscular strength 
is groat, and its bite proverbially powerful. The American 
badger {M. lahradoricua) is larger than the European species. 
In 1886 as many as 6,402 skins were imported into London 
from North America. The long hairs are employed for 
making shaving brushes and painters* pencils. In Europe,, 
badgers are hunted with dogs ; in America, they are caught in 
early spring, whilst the ground is frozen, by pouring water into 
their holes. 

The Oluttonf or Wolverine {Oulo luscus) inhabits the 
northern parts of the American continent. Wolverines feed 
chiofly upon the carcases of beasts which have been killed by 
accident. They are very troublesome to the Hudson’s Bay 
trappers, for they will follow the marten hunters* path round a 
line of traps extending from forty to sixty miles, and render the 
whole unserviceable, by removing the baits, which are generally 
the heads of partridges or bits of dried venison. They resemble 
the bear in their gait, and feed well ; they are generally, when 
caught, found to be very fat. The fur is a fine deep chestnut 
colour, with a dark disc on the back. It is much esteemed in 
Germany and Bussia, and manufactured into cloak linings,, 
muffs, and sleigh robes. In 1886 the London import of wol- 
verine skins amounted to 1,631. 

3. PINNIORADA. 

This group includes the family Phocidee (Latin phoca, a seal), 
and comprises the seals, sea-boars, and walruses, which are* 
found chiofly in tho arctic and antfirctic soos, and are of great 
value alike for thoir oil, bones, and skins. The chief hunting- 
grounds aro the fields of pack ice in the Greenland seas, and 
around the shores of Spitzbergon. 

The Saddleback or Harp Seal {Caloceplialus grcenlandicus)^ 
— ^Tliis species, which is the most important of tho Phocidee in 
commerce, is at all timps gregarious, but never seen to assemble* 
in such numbers as during the months of March and April, 
when it takes to the ice to bring forth its young. During 
those months a pack of ice three miles in diameter has been 
calculated to have no fewer than four millions of seals upon 
it. Its length does not exceed eight feet. The name saddle^ 
lack is given to it from an aggregation of black well-defined 
spots scattered over a yellowish-white ground in the form of a 
saddle or harp. 

For tho capture of this seal, especially during the breeding 
season, many ships are annually sent out, and the number taken 
yearly amounts to hundreds of thousands. The sucoosa of tho 
sealers varies ; for a ship one year may obtain as many as 
20,000 seals, and next year not capture a hundred. I'he chief 
art of sealing lies in finding out where the main body of 
seals is located; a sort of instinct directs these animals in 
flocks of hundreds to a common centre, where they remain in 
one great group till the young are capable of taking to the 
water. 

This species is highly prized. From its blubber the Green- 
lander and Esquimaux procure light and heat ; they cover their 
boats and bodies with its skin, make thongs with its entrails, a 
derg or float with its stomach, and ingeniously fashion the teeth 
into tips for thoir arrows and harpoons. 

The Bladder-nose Seal {Stemmatopus criataius) inhabits, am 
the last, the Greenland seas, and is found in small groups of 
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three or four. On aoootmt of the beauty of lie for, and the 
inmense amount of its blubber, it is much sought after. It | 
iffers from the other species in having a thick black — ^In the 
^oung, delicate brown — woolly coat, which lies beneath its out- 
side bristly hair. 

The Common Seal (Phoea vittdina, L.) is found on the coasts 
of Scotiand, France, and other parts of Europe. The usual 
haunt of this species is a hollow or cavern in a rook near the 
sea, and above high-water mark. They are extremely watchful, 
seldom sleep more than a minute, raise their heads, and, if 
nothing is to be seen or heard, lie down again ; but if disturbed, 
they instantly tumble o£E the rooks into the soa. They are 
usually shot when asleep. li surprised by the hunter at a 
distance from the shore, they hasten to the water, flinging 
stones and dirt behind os they scramble along, and expressing 
their fears by piteous moans. When overtaken, they make a 
vigorous defence with their feet and teeth until killed.* 

BODXNTIA. 

The Bodentia (Latin, rodo, I gnaw), or gnawing mammalia, 
are, for the most part, of small size, but numerous and prolific. 
They are distributed all over the world, even in Australia, which 
possesses some few Indigenous species. They have two pairs 
of curved cutting or incisor teeth, which project from the front 
of each jaw, and from two to six molars on each side, but they 
are devoid of canine teeth. The rodents of the greatest value 
in the fur market are — 

The Beaver {Castor fiber y L.). — This animal is found in 
Canada, where it frequents the banks of rivers and marshes, 
making large dams with the stems of trees plastered with 
mud to keep out the water, and building rude dwellings in the 
water, with considerable engineering skill and ingenuity. The 
fnr of the beaver consists of two kinds of hair, one long and 
rigid, forming the outer coat, the other soft and downy ; it is 
the latter which is employed for coat linings, muffs, and other 
articles of dress, though the demand for them has fallen with 
the introduction of silk to the hat industry. In 1S86 the 
London import reached 117,161 skins. 

The Musk Bait or Musquash (Fiber sibethicus ), — This animal 
is a native of Canada. It is much smaller than the beaver, 
which it resembles in its fur and habits, and with which it 
assooiates. The importation of musquash skins into London in 
1886 amounted to the enormous quantity of 2,393,017 skins. 
Dressed in the same way as beaver-skin, they form a cheap and 
durable fur for ladies’ wear. 

The Nutria, or Coypu Bat (Myopoiamus coypus)^ inhabits 
South America, living near streams, and burrowing in their 
banks. It is smaller than the beaver, and also differs in the 
possession of a round, hairy tail. Its skin forms a good substi- 
tute for that of the beaver, and is dressed in a similar manner. 
In some years one million nutria skins have been imported from 
South America into the United Kingdom. 

The Squirrel (Sdvrus vulgaris, L.). — Light, nimble, and 
graceful animals, living on the branches of trees, feeding 
on nuts and other hard fruits, which they gnaw through 
with their sharp front teeth, carefully removing every par- 
ticle of the skin from the kernel before eating it. Squirrels 
are distributed through all parts of the world except Aus- 
tralia* but are especially abundant in North America. Their 
skins are used entirely for ladies’ and children’s wear, and 
are sent in enormous numbers to our fur markets under the 
name of calabar. We import great quantities, and devote 
them to various purposes. The fur is sometimes dyed to 
imitate sable. The tail is used in the manufacture of boas 
and artists’ pencils. 'Besides the common squirrel, Sdurus 
cvnerevs (the grey squirrel), S, niger (the black), 8. caroliniensis, 
and fif. hudsonius (the American red squirrel) yield useful and 
ornamental furs. 

The Chinchilla (Chinchilla lanigera ). — An elegant, active 
little animal, inhabiting the Andes of South America, in Chili 
and Peru, and living at a considerable altitude. The posterior 


* For further details about furs and skins, and for information 
generally upon teohniool and industrial products and processes, the 
reader should consult the Society of Arts* admirable volume, excel- 
lently edited by Mr. H. Trueman Wood, M.A., of ** Beports ” on the 

Colonial Section of the Colonial and Indian Exhibition which was 
held in London in 1886. 


legs are longer than the anterior, and the anim al when feeding 
sits upon its haunches, holding its food between its short fore- 
paws. The oars are very largo and broad. The fur, which is 
very thick, soft, and of a greyish colour, reaches us through 
the South American markets. Chinchilla fur is greatly admared 
for winter clothing, and is made into muffs, mantles, boasf doak 
linings, trimmings, and other articles for ladies’ and children’s 
wear. 

The Hare (Lepus tirmdus) and Bahhit (Lepus cunicuVus ). — 
The skin of the rabbit, when dressed and dyed, is made into 
all sorts of cheap and warm winter clothing ; that of the hare 
is frequently worn over the chest as a protection against 
external cold. We have largo supplies of rabbit-skins sent to 
our markets from the rabbit warrens of Norfolk, the Orkney 
and Shetland Islands, and Ostend. Upwards of 1,000,000 
rabbits are sold yearly in London, and more than a quarter of 
a million of hare-skins are annually imported into this country 
from Bussia, Germany, Denmark, Friesland, Poland, Wallaohia, 
Turkey, Greece, and Sicily. The best and the greatest number 
come from Bussia. 

atmiNANTlA. 

The animals of this order are distinguished from the other 
mammalia by the remarkable facilities which they possess for 
ruminating, or chewing their food twice over. In the majority 
the lower jaw alone is furnished with incisor teeth, their place 
in the upper jaw being occupied by the hardened gum. Ther 
molars are separated from the incisors by a considerable gap in 
the jaw. Examples : sheep and deer. 

The American Buffalo, or Bison (Bison americanus, L.). — 
Vast herds of buffaloes roam over the western prairies of North 
America, and hundreds of thousands of them are annually 
killed. Buffalo robes are much esteemed in America as sleigh 
coverings ; about 70,000 are annually made up and sold in New 
York. During the Crimean war our soldiers found these robes- 
i of great service ; about 20,000 buffalo robes were furnished by 
the English Government amongst other army supplies. 


CHEMISTRY APPLIED TO THE ARTS,— II. 

BT GEORaE GLADSTONE, F.C.S. 

DYEING. 

The art of dyeing was discovered at a very early period of 
human history, and is practised by nearly all races of men ; 
nevertheless, it has greatly profited by the advance of science, 
and oven within the present generation it has been the subjdbt 
of very groat improvements. Many of the colours now 
regarded with most favour were altogether unknown to our 
fathers, while others have been rendered more permanent, and 
most have been cheapened in cost. • 

The materials used in dyeing are derived from very variotis 
sources, and their number is legion. There is, indeed, scarcely 
any limit to the variety that might be employed, and in an 
article like the present we can pretend to name 
those which are most commonly used by dyers. They form 
two distinct classes, which must be constantly borne m mind,. 
in order to arrive at a clear comprehensi^ of the dyeing 
process: — (1) The colouring matters; (2) The mordants and 

alterants. , . x. • 

1. The great majority of the oolourmg matters in use are- 
derived from the vegetable kingdom, though some of the othera 
are of the very greatest importance. Of these it may suffice to. 
name alkanet root, aloes, annatto, orchella and other lichens,, 
barberry root, barwood, Brazil wood, camwood, logwood, Saun- 
ders’ wood, yellow berries, indigo, madder roht, queroitronv 
safflower, turmeric, wood, and weld. The animal kingdom sup- 
plies the cochineal and kermes, which, as well as lac, an oto- 
dation produced by an insect, furnish very beautiful varietioa 
of red. The metais arsenic, chromium, copper, iron, ^ 
the form of salts, all produce valuable colours, though the. 
compounds of arsenic are very deleterious both to the dyer and 
to the wearer of clothes so dyed, and should certainly dis- 
couraged. There are also some artificial products 
been successfully prepared by modem oh^iste, and which bid 
fair to greatly alter or even revolutionise the art of dyeing; thus, 
what are called the aniline compounds have furnished some 
of the most favourite dyes ; and alizarine, a still more recent 
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production, will probably soon dispense to a great extent with 
the use of madder roots, the bull^esS of which considerably 
enhances the cost of bringing them from abroad. 

2. The most importimt mordants and alterants are the 
alums, the salts of iron and tin, and a variety of vegetable 
substances which contain tannin. Of these last the principal 
are catechu, fustic, sumach, gall-nuts, dividivi, valonia, myro« 
balans, etc. Some of them exercise a double function, and 
might be included amongst the list of colouring matters, but 
their chief value brings them more appropriately under the 
second category. 

The operation of the first class needs little explanation, but 
that of the latter lies at the very root of the art. It will 
readily be understood that a highly coloured liquid may be 
obtained by boiling down or steeping certain substances in 
water, and that if a piece of calico bo immersed in the solution, 
it will take up a certain amount of the colour ; but it follows 
almost as a necessary consequence that a dye so produced can 
be washed out again with abnost equal readiness. If this 
were all, dyeing would bo of no value. The importance of 
mordants consists in their so fixing the colours that they 
shall not wash out or otherwise lose their depth or brilliance ; 
and that of alterants in their bringing out or changing the 
tint produced by the dye stuff. By moans of the latter a 
much greater variety of shades is obtained, and even some 
colours which con scarcely be derived at all from a mere com- 
bination of dyes. 

Some very interesting chemical reactions take place in the 
use of the dyes mentioned under the first head, which must be 
noted, as they are highly instructive. By for the most important 
in the list of vegetable substances is indigfo. It is commonly 
known in this country as a lump of purplish stuff, having a 
bloom upon it like a ripe plum. In the dye vat, however, it 
presents a very different apper ranee. Indigo, in the state in 
which it is imported, is actually insoluble in water, and most 
other solvents will not even touch it ; but by expolling the 
oxygen which it has absorbed in the coarse of preparation, it 
returns to its original condition of white indigo, which is soluble 
in an alkaline liquid. The blue indigo of commerce is therefore 
ground up with water till it forms a thin paste, then put into a 
vat of water and stirred up with sulphate of iron (copperas) 
and lime, in the proportion of 1 lb. of indigo to 2 lb. of sulphate 
of iron and 3 lb. of lime ; the result is that the sulphuric acid 
leaves the iron and combines with an equal quantity of the 
lime, the oxygon of the blue indigo takes the place of the 
Bulphuric acid which has left the iron, forming an oxide of iron, 
ahd the excess of lime which remains in the water renders the 
indigo soluble. The indigo having parted with its oxygon is 
no longer blue, but has returned to its original colourless con- 
dition. When the sulphate of lime and oxide of iron which 
have been produced in the vat have thoroughly settled to the 
bottom, the cotton fabric or yam which has to be dyed is 
dipped into the liquor, and the fibres become filled with the 
solution. The goods are then taken out of the vat, hung up, 
and exposed to the action of the air, when the oxygen out of 
the atmosphere again enters into combination with the white 
indigo in the fibre of the cloth, and restores its blue colour. 
This blue indigo being, as already mentioned, altogether insolu- 
ble in water, wo have here a permanent colour which cannot 
be washed out. Wool may bo dyed by precisely the same 
process, except that the liquor in the vat must be maintained 
at a high temperature, whereas cotton is dyed cold. Other 
modes of using indigo are employed by some dyers, or for 
special purposes, in which madder is a principal ingredient, but 
in every case the result is due to the chemical action above 
described. 

Indigo naturally leads to the consideration of what are 
oommonly known as the aniline dyes, so named from their 
chemical relation to this substance, anil being the name given 
by the Spaniards to indigo. The terms mauve, magenta, etc., 
are now familiar as household words, though leas than half 
a century ago the colours represent^ by them were quite 
new to the public. Aniline itself, which was originally made 
from indigo, had been produced from coal-tar by two or three 
different processes ; until the date above referred to, however, 
the Bubstonoe had not attracted any very special attention, and 
its compounds were not known to produce the colours now 
so familiar. This discovery was due to Mr. Perkin, and the 


demand which suddenly sprang up for the dye soon led to 
the numufactme of aniline from coal-tar, on a scale never 
before attempted, and, by subsequent improvements in the 
process, at a much more moderate price thim heretofore. The 
mode ot application of these dyes wiU have to be considered 
later on. 

Madder is perhaps next in importance to indigo, and possesses 
some special features of interest, though the processes involved 
in its use are by no means so simple as those above described. 
This dye has hitherto been obtained from the roots of the ruhia 
tinclorum, a plant which is largely oultivatod in the south of 
Europe and in Asia Minor. Its value consists in its containinf 
a substance called garancine or alizarine. This article wil' 
furnish, in combination with various other ingredients, a variety 
of tints, from yellow to orange, and up to a deep red. Unlike 
indigo, it requires the presenee of a mordant in order to secure 
a satisfactory result. The one generally used in dyeing with 
madder is alum. The cloth to be dyed is first steeped in a 
solution of alum, and being thoroughly impregnated with this 
article, it is ready for the reception of the dye which may bo 
intended. Let us suppose that an intense red is required ; a 
solution of alizarine with one of the alkalis (such as ammonia 
or soda) would be used, and into this the cloth, already 
permeated with the alum, would be introduced. The mordant 
would take up the alizarine until it was thoroughly saturated 
with it, the cloth thus acquiring the desired colour ; but wore 
the process to bo continued beyond this point, the excess of 
alizarine in the liquor would be liable to further decomposition, 
producing a new compound, called rubiaoin, which would have 
the effect of rendering the colour more dull ; it is thereforo 
important so to regulate the relative proportions that this after 
effect may not take place. The madder roots themselves 
contain but a small per-oentage of the colouring matter, the 
inevitable result of which is that the dye is costly. So 
important an article is it, however, that, notwithstanding the 
price, it is very largely used both in this country and on the 
Continent. Chemists, in consequence of this, were led to study 
the composition of this dye, and their labours were at longtli 
rewarded by the discovery of a means of producing artificial 
alizarine which fulfilled all the reactions of the natural 
product. The history of this achievement is one of the deepest 
interest to the experimental philosopher, as well as to those 
who are likely to profit by it in a commercial point of view. 
It would take up too much space to describe all the steps by 
which the result was finally attained ; suffice it to say that 
from a ’study of the chemical formula (consisting of definite pro- 
portions of carbon, hydrogen, and oxygon) C] 4 Hg 04 , it was 
believed to bear a certain relation to other substances which 
are produced artificially. This view was confirmed by con- 
verting Rome of the alizarine taken from the madder roots 
into anthracene (C, 4 Hio), which is obtained by the distillation 
of coal tar. This having been proved, it only needed a means 
of reversing the operation, which was afterwards discovered — 
alizarine, absolutely identical in all its properties with the dye 
obtained from the madder roots, having boon made from 
anthracene. A second source of supply of an article quite 
indispensable to the dyer is thus provided by the mineral 
kingdom. 

Chromium, in the form of bichromate of potash, is a metal 
which is very extensively used, especially in the formation of 
yellows, orange, and reds. In dyeing cottons the process depends 
upon a chemical reaction, the fabric being first immersed in a 
solution of one of the salts of lead, so as to supply a base 
which possesses a greater affinity for the chromium than potash 
does. Thus, if the goods be impregnated with nitrate of lead, 
and subsequently with bichromate of potash, the chromium will 
leave the potash and combino with the lead, forming chromate 
of lead, which produces a yellow dye. Again, should an orange 
colour be required, the process can be carried a step further ; 
the article so dyed yellow would then be boiled in a bath of 
lime-water, during which operation the lime will take up a 
portion of the chromium, leaving a subohromato of lead behind, 
which produces a rich orange. Some persons use acetate of 
lead in preference to the nitrate, but the principle involved in 
either case is tbs same. Chrome is also employed in dyeing 
woollen goods with various colours, in combination with many 
of the vegetable dyes; in these operations alum is almost 
] always used as a mordant, and the solution into which the 
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article to be dyed is dipped muit be maintained at the boiling:- 
point. 

The nae of a mordant haa incidentally been mentioned in 
treating of madder and the ohromatea of potaah. Ita proper 
function ia to fix the dye, ao that it ahall not waah out again. 
Alum, aa we hare seen, haa thia property ; a fabric which haa 
previoualy been dipped into a aolntion of alum being able, not 
only to take up a much larger quantity of aome colouring 
mattera than it would otherwiae, but ahK) to retain them ao 
peraistentiy that the colour beoomea fast. In aome cases the 
mordant and the dye are applied separately, while in others the 
fcwo are mixed, forming a coloured liquor in which the article to 
be dyed is steeped, and ao far reducing the number of operations. 
It appears probable that the action of such a mordant aa alum 
is to enter into actual combination with the substance of the 
thread or cloth, and not merely to fill the capillary tubes with a 
substance insoluble in water, as m the case of cotton dyed with 
indigo ; hence, in consequence of the greater affinity of alum 
for animal substances than for other materials, the effect of this 
mordant is much more decided when applied to wool and ailk 
than to cotton and flax. 

Various salts of iron exorcise, in a pre-eminent degree, the 
double function of mordant and alterant. Sulphate of iron, or 
copperas, is, for instance, used as such in dyeing cotton blue 
with ferrocyanide of potassium or the red prussiate of potash, 
while the nitrate or sosquichloride of iron, combined with the 
ferrocyanide or yellow prussiate of potaah, will produce the 
same result ; the chemical action in either case is the same — 
the acid leayes the iron and combines with the potash, while 
the cyanogen completes the exchange by uniting with the iron, 
thus forming a compound cyanide of iron, commonly known as 
Prussian blue. Here we have an illustration of the effect of an 
alterant, the resulting colour haying no relation to that of the 
ingredients which are brought into combination, but being due 
to chemical action only. 

Of all the metals, howeycr, tin is the moat important as 
a mordant, the yarious oxides of tin having a very powerful 
affinity both for vegetable colouring mattera and for the 
materials which are to bo dyed. The effect of these salts (or 
spirits, as they are called by the dyers) is to produce very 
permanent colours. The salts generally used in the dye-house 
are the chlorides ; the oxides being insoluble except in the 
presence of an acid, or in combination with an alkali, such as 
soda, in which case the tin itself acta the port of an acid, 
forming stannate of soda. 

A groat variety of vegetable substances, all containing tannin 
in more or less quantity, are used in dyeing, which act both as 
mordants and alterants. The tannic and gallio acids which they 
famish exercise a very powerful chemical action upon some 
of the other materials employed, especially the metcdlic salts. 
With sulphate of iron these acids produce a deep black, of 
which the common writing-ink furnishes a familiar example. 

To give a description in detail of all the various processes for 
dyeing different kinds of goods, and of the several oombinations 
which are best adapted to produce the almost endless varieties 
of tint, would fill a goodly volume. lu the next artiole some of 
the most important general directions will bo given, and one or 
two of the principal colours will be treated at length, aa an 
illustration of the nature of the dyer’s art. 


AGRICULTURAL DRAINAGE AND 
IRRIGATION.— II. 

By J. Wbiohtson, Professor of Agriculture, Boyal School of Hines. 
WATBB-LOaaiSD SOIL — ADVANTAGBS OF LAND DKAINAOB. 

Tbb beneficial action of land drainage may at first sight appear 
somewhat paradoxical. That the x)artial removal of water, the 
want of which is often so keenly felt, which may be beneficially 
poured over growing crops in quantities far exceeding the 
natural rainfall, and which not unfrequentlj composes ninety 
per cent, of the actual weight of fresh vegetables — ^that the 
removal of this most essential oonstitnent of plants from the 
soil should be attended with good effects certainly appears 
pUBsmng, and demands our caretfnl attention. It will, then, be 
<mr first oldoot to explain why the dxaixiage of land is beneficial; 


and, secondly, we shall point out the nature of those practical 
good effects which have rendered the art popular. 

Let us consider the condition of a soil surcharged with 
moisture, and compare it with one in which, from natural or 
artificial means, the superfluous water finds egress. 

The fact that the land is wet is sufficient proof that .^ome 
obstacle exists preventing the escape of water. The subsoil 
may be suffloiontly impervious to prevent the downward passage 
of water to lower strata, or there may be a souroe of water in 
the form of springs too plentiful to allow of its sufficiently 
rapid removal by natural drainage. From either or both oi 
these reasons the land is ** water-logged,’’ by which we mean 
that aU the interstices of the soil that would otherwise be 
filled with air are occupied by water. This water is in a 
stationary condition. If it is not, it will move in the line oi 
least resistance, and the soil will bo more or less perfectly 
drained. Having, however, assumed that the soil is wet, we 
must conclude that its condition is the effect of the water 
not being able to esoape. 

(1.) I^at, then, are the consequences of this stagnant 
condition P In the first place, air is excluded. Now the 
effect of air upon the soil is most beneficial, and without it 
I it is impossible for any plant to develop. The first conse- 
I quenco of an insufficient supply of oxygen is the formation 
I in the soil of organic and inorganic iltubstanoos of a decidedly 
deleterious character. Vegetable matters remain in a state 
partial or imperfect decomposition. Such a condition is un- 
favourable to plant life; and its evils are the more apparent 
when we remember that with a sufficient supply of oxygen such 
compounds would not only be removed from an actively 
hur^ul state, but would become a source of carbonic acid 
and ammonia (the produots of perfect combustion), and thus 
directly nourish growing crops. Lower oxides and sulphides of 
I iron are also the result of decaying vegetable matter in the soil, 
which, in its condition of arrested decay, removes the oxygen 
previously associated with iron, thereby reducing the peroxide 
to the condition of protoxide. The removal of superfluous 
water at onoe admits air, and with it oxygen, and by this 
means the soil is brought into a ^‘sweeter” and more whole- 
some condition. 

(2.) Water, when it exists in a stationary or stagnant con- 
dition in a soil, fails to exert those beneficial influences that 
constitute its peculiar value. Bain-water contains traces of 
carbonic acid, as well as of other valuable substances. This 
carbonic acid exerts a solvent action upon the mineral matter 
in the soil, gradually changing it from an insoluble and un- 
available condition into one in which it can be assimilated by 
the roots of plants. It is only, therefore, in drained or 
naturally dry soils that the valuable quaUties of rain can be 
thoroughly realised. 

(3.) Not only is rain comparatively valueless to wot soils, but 
there is a danger of its beooming actively injurious. Not being 
able to sink into the already occupied soil, it washes the sur- 
face, and, as it trickles into the water-furrows and ditches, 
oarries with it the finest particles of earth, as well as manurial 
substances that have been applied as fertilisers. This is, how- 
ever, not the worst evil consequent upon defective drainage. 
The top layer of soil beoomea surcharged with moisture, and 
this can only be got rid of by evaporation. The larger the 
surface, and the more completely it is exposed to tho air, the 
greater will be the evaporation. In the case of drained soils, 
the watey is quickly removed from the effeot of drying winds, 
and evaporation is proportionally checked. In wet soils, on the 
contrary, iihe conversion of water into vaxmur is the cause of ft 
greatly diminished temperature. 

It has been calculated that the heat given off from the 
combustion of 1 lb. of charcoal is required to avaporato 12^ lb» 
of water, and when we remembei that the rainfall upon an acre 
of land is equal to something like 6,000.000 lb., it will be 
readily seen that, where a large proportion of this is to be 
evaporated, much of the sun’s heat, which would otherwise be 
warming the ground, will be taken up. 

(4.) Another reason for the wonderful improvement of land 
by drainage is the altered texture of the soil. . So long as land 
is constantly wet, its condition, although unfavourable to plant 
life, is in some respects constant. It is not subjected to the 
modifying influences of contraction and expansion to so great 
an extent as drained soils. A drained field is alternately, and 
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within very short periodsi dry and wet ; it is also acted upon 
by the atmosphere, and that weathering action which, in the 
long ooorse of time, has broken down and pulverised rocks, 
and so formed soils, is promoted, so that further pulverisation 
and a finer mechanical condition of the soil is the result. The 
alternate contraction and expansion also causes the formation 
of a deeper layer of available soil, and renders lighter the work 
of cultivation. As water rises from the deeper layers of the 
soil to the surface, it brings with it the saline subst^ces it has 
taken up in solution. These are carried by capillary action 
to the surface, whore, as the water is evaporated, they are left 
in the form of an incrustation, which to a great extent pre- 
vents the entrance of air into the soil. This phenomenon is 
frequently noticed in the case of dower-pots watered by means 
•fa saucer. In this case the water, as it evaporates from the 
upper surface of the soil, leaves a white efflorescence which, from 
the cause already referred to, is prejudicial to the plant, and 
requires to be frequently broken up in order to admit air. The 
same phenomenon has been observed in the case of agricultural 
•oils. 

Having traced the causes of the beneficial action of land drain- 
age, we may now glance at those many practical advantages which 
appeal to the common sense of the landowner, the farmer, and the 
public. That drained land grows a better crop than undrained 
land is easily accounted for when we remember the improved 
ohemioal and mechanical state of the soil. As every reason wo 
have given points in the direction of an improved condition of 
•oil, it need not surprise ns that one quarter of wheat to the 
•ore has often been estimated as the average increase that 
may be expected after drainage. Instancos are not wanting 
where land has been brought from a worthless into a valuable 
condition simply by draining it, but the above gfiven measure of 
the benefit is applicable to soils which, although requiring 
drainage, were previously useful agricultural soils. 

An earlier harvest is a palpable advantage from drainage, 
and can be explainod by the general improvement of the land, 
and the higher temperature of the soil consequent upon 
diminished evaporation. Mr. Parkea, the eminent drainage 
engineer, found, from the mean of thirty-five observations, 
that a drained peaty soil at seven inches in depth was 10® 
Fahrenheit warmer than a similar undrained soil at tho same 
depth. This, it will be scon on inspeotion of any table of 
temperatures throughout tho year, is equivalent to tho differ- 
ence between tho climates of Fobruaiy and May. Tho result of 
this improvement is harvest a fortnight earlier, and an im- 
proved quality as well as quantity of produce. The same 
causes operate in increasing tho number of species of plants 
which the farmer con cultivate. Thus we find the hare fallow 
disappearing, and root and forage crops occupying the ground. 
Sheep stock also can be maintained, whereas previously they 
could not have been profitably kept. Every tillage operation 
is more easily and effectively performed, and, owing to the 
water being quickly carried away, the actual number of work- 
ing days is inoreased. Thus either a smaller number of horses 
will be required, or those that are kept will bo more equally 
worked and less expensively fed. 

Manures are much more effective upon drained soils ; bonce 
this operation is now looked upon as the foundation of good 
husbandry, and the best farmers consider that it should pre- 
cede every other improvement. 

Grass land derives groat benefit from drainage. It sooner 
assumes a beautiful green colour in tho spring ; it is firmer 
under the foot ; rushes, sedges, and other water-loving and 
inferior herbage disappear, and are replaced by nutritious 
grasses. 

The health of tho live stock is unquestionably improved, and 
land drainage is followed by the disappearance of “black- 
quarter,” or inflammatory fever, which in unfavourable situa- 
tions is a cause of annual loss. The heidth of the human 
population is also improved. 

Before leaving this most interesting part of the subject, we 
would recall the attention of our readers to tho fact that 
drainage owes its offlcaoy to tho alteration in the condition of 
tho water in the soil rather tlian to its withdrawal. If we 
remove water, it is only because it has aooomplished its work, 
and we facilitate its exit to make room for a new supply. 
Thus the drainer’s art consists, os bos been well remarked, 
not only in getting the water out of the land, but also in 


getting water into the land, and thoroughly using its valuable 
properties. 

We propose, upon a future occasion, after considering the 
cost of draiziage, to select a few instances showing the extent 
to which land has been improved by the operation; but at 
present we must pass on to another important point in the 
theory of drainage — namely, the action of drains in removing 
water from the land. 

THS WATER ECONOUT OF BOILS. 

Soils are wet from three causes : — (1) The direct fall of rain; 
(2) springs ; and (3) moisture which finds its way from higher 
porous strata on to lower ground in a diffused oondition. 

How far those three sources of wetness are the cause of 
injury in any given case depends upon the structure of the soil 
and subsoil. Clay soils, with retentive subsoils, are liable to 
be wet from the first cause, and they may receive an additional 
supply from tho percolation of water from higher grounds. In 
soils of a light character resting upon a tenacious clay (a com- 
bination not unfrequently met with), the natural rainfall may 
also be the direct cause of wetness. Springs are met with 
when a porous soil is underlaid by a clay bed. The rain sinks 
at once through tho upper stratum until it is arrested by the 
impervious bed benealh. There it accumulates and rises until 
it either wots the surface or, following tho lino of least resist- 
ance, bursts out at a lower level in the form of a spring. 
Springs aro very commonly seen upon the sides of hills. 



Tho accompanying diagram (Fig. 1 ) shows tho conditions under 
which springs often occur. A represents a porous stratum ; b 
represents a clay bod which obstructs the downward passage 
of water ; c i> represents tho level to which water will require 
to rise before it overflows in tho form of a spring at D. In dry 
weather, when tho “reservoir” or “water-table” sinks below 
tho line C B, the spring will be dry ; but on the return of wet 
weather it will again become active. Those facts exert an 
important influence upon the practice of drainage. 

Tho drainage of porous soils is exceedingly simple. All they 
require is an outfall for their superabundant water. They are 
wet simply because tho water they receive direct from the 
clouds, or from higher levels, cannot oscapo ; and when egress 
is given to this superfluous moisture, they at once take their 
place i^mong naturally dry or drained soils. With clay soils 
tho case is somewhat different. Not only must an ourfall be 
given, but the whole bulk of tho soil between the drains must 
bo thoroughly aerated before their drainage is complete. Such 
soils hold the water which incommodes them with a tight 
grasp, and a much more close and complete system of under- 
ground channels, supplemented by steam or other deep cultiva- 
tion, is necessary before tho same effect is produced as in 
the case of lighter soils. Thus, in light, porous soils the 
distance between the drains is sometimes as great as sixty 
yards, while in clay soils they ore often placed only six yards 
apart. 

In order to understand the action of drains, it is necessary to 
bear in mind that in all wet soils there exists, at a greater or 
leas distance from tho surface, a something which prevents the 
escape of water ; that the effect of continued rain, or an ac- 
cession of water from other causes, tends to accumulate water 
upon this obstruction, thereby forming a “water-table” or level 
of supersaturation ; and lastly, that above this supercharged 
level the soil is wet by capillary attraction, which lifts the 
water to a greater or less height according to its texture and 
oondition. Before land can be thoroughly drained it is 
essential, not only to lower tho “ water-table,” but to so lower 
it that capillarity shall not so saturate the superimposed stratum 
as to render it injurious to growing vegetables. 

In our next paper we hope to stUl farther eluoidate this 
portion of our subject, and to point out the important action of 
capillary attraction in the water economy of soils. 
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BUILDING CONSTRUCTION.— III. 

FOUNDATIONS UNDER WATER. 

In our previons lessona on this aabjeot we have maisted on the 
neoeaaitj that exiata for proonring a good foundation for build- 
inga of all kinda, and have explained the methods of effecting 
this by the employment of concrete and piles in soft soil of any 
description. We now pass to the mode of making foundations 
under water. 

Foundations under water are constructed in various ways. 
The moat ancient, and certainly the most simple, is that called 
by the French “ pierre perdue ** (or lost atones). This method 
consists in shooting rough stones, etc., into the water, and 
leaving .them to settle themselves aa they happen to fall. 
When the heap nses to the surface, it is levelled, and the 
superstructure raised upon it. This system has been used 
principally for the erection of piera» and breakwaters, but is 
not adapted for structures of a permanent character, as light- 
houses, being erected upon it, as the external portions are liable 
to be washed away, and therefore the mound requires frequent 
repair. Nor do the stones always fall exactly within the 
prescribed area, but may reach a greater distance than was 
intended. The system is, therefore, not adapted for river 
works, where any narrowing of the water-way f jr vessels is of 
consequence. 

A breakwater is a barrier intended for the protection of 
shipping in harbours or anchorages, by hrealcing the force of 
the waters as the mighty waves roll towards the shore. Some- 
times a small island ia situated opposite a bay, and thus forms 
a natural breakwater. This ia in some degree the c|wo with 
the Isle of Wight, which occupies such a position aa to protect 
Portsmouth and Southampton. 

The Plymouth breakwater (Fig. 1), built by John Ronnie,* 
ia the best known of these constructions. The Sound, or 
harbouf, being open to the south, was so much exposed to 
storms, that early in the present century it was determined 
to erect a breakwater aoross it, with openings on each side 
between it and the shore to allow of the passage of vessels. 
The works were commenced in 1812, by transporting along a 
tramroad large blocks of limestone from a noighbouidng quarry. 
These wore then carried by vessels fitted with trap-doors, and 
were thus deposited on the required spot. The good effect of 
the mound was felt as soon as it began to rise above the 
surface, but the great storm in November, 1824, throw a largo 
quantity of the stones over into the Sound, and it was not 
until 1841 that the works were finally completed by the 
deposition of more than 8,000,000 tons of stone, and the ex- 
penditure of .£1,300,000. The breakwater ia nearly a mile 
long. The central portion is 1,000 yards, and two wings, of 
330 yards each, extend from the ends of this at a slight angle. 
The open channels at each end, between the breakwater and 
the shore, are each about half a mile wide, and their depth is 
respectively 40 feet and 22 feet at low water. The breakwater 
ia 133 yards wide at the base, and 15 yards at the top, the two 


* John Rennie was bom at Fhantassie, in East Lothian, in 1761. 

His early education was obtained in the parish school of East Linton, 
and he subsequently learned mathematics at Dunbar. He was for 
some time a workman in the employ of Mr. Andrew Moikle, an 
ingenious Scotch mechanic, who in 1787 invented the threshing 
machine. After attending various lectures on Natural Philosophy and 
Chemistry, he was taken into the employ of Messrs. Boulton and 
Watt, near Birmingham, and soon displayed such mechanical genius 
that Watt, in 1789, entrusted him vrith the direction of the construction 
and fitting up of the Albion Mills, London. His improvements in 
millwork were so striking that he at once rose into general notice as 
an engineer of gpreat promise, and the thorough efficiency of his work- 
manship greatly contributed*to his fame. To this branch of engineering 
he added, in 1799, another — the oonstruction of bridges ; and, amongst 
numerous others, be built Waterloo and Southwark bridges over the 
Thames, the latter built of cast-iron arch girders resting on stone piers. 
He also drew up the plans for London Bridge, which was not, how- 
ever, commenced until after his death. In addition to numerous 
todges, the London Docks, the East and West India Docks at 
Blaokwall, with their goods sheds, the Hull Docks, the Prince's 
Docks, Liverpool, and those of Dublin, were all designed and wholly 
^ partially executed under his superintendenoe. Besides the Plymouth 
oreakwater, Rennie planned many improvt meats in harbours and 
fiockyards in Portsmouth, Chatham, and Sheemess. He died in 
October, 1881, and was buried ia St. Paul's Cathedral. 


eddee being made very sloping for the Beoority of the stones % 
the slopes and top are faced with masonry. The water-spaoe 
or ar^ forming Plymonth Sound, whi(di is protected by thin 
breakwater, comprises 1,120 acres. 

There are breakwaters at Holyhead, Portland, and Dover^ 
but the limits of the present lessons preclude desoriptiotts of 
them. The above description of the Plymonth breakwater will 
therefore serve as an illustration of the system of ** pierre 
perdue” or ** random” foundation. In some oases blocks of 
b4t(m have been used with success. 

Foundations under water are sometimes laid in coffer-dams. 
This is done by driving parallel rows of piling around the site 
on which the pier is to be built ; these piles are kept in their 
places by horizontal timbers, so as to form a coffer or strong 
box around the site. The space between the parallel rows <5 
piling is filled with clay, puddle, etc., well rammed down, so aa 
to render the wall thus formed water-tight ; this ia one of the 
princiiml difficulties in the system, whilst another presents 
itself in the pressure of the water on the outside, which is 
resisted by struts placed inside the coffer-dam, extending from 
side to side. When the coffer-dam takes the form of a wall, and 
is intended to keep out the water during the building of a 
wharf, quay, etc., the struts are placed obliquely, and act aa 
buttresses. 

When the stmeture is doomed satisfactory, the water is 
pumped out of tho enclosed space, the bottom of which is then 
excavated and levelled until a solid stratum is reached, or, if 
there be any difficulty in doing this, a bod of concrete or hSton 
is laid down. 

If solid ground is not found within available depth, the plan 
adopted is to drive piles a few feet apart all over the area. 
Those are then surrounded by shoot-piling, to prevent the soft 
soil escaping. Stones, concrete, etc., are then rammed in 
between the piles; the heads of the piles are cut off at one 
level; sleepers are laid aoross and fastened to them, and on 
those massive planking of great thicknoss is placed, on which 
tho building is erected. 

Before tho application of steam power to pumping, this 
system was very expensive, and another was introduced into 
this country by a Swiss architect, named Labclyo, and was first 
used in the erection of old Westminster Bridge, which was com- 
menced in 1739. 

The method adopted by Labelyo (which, however, did not 
prove a good one) was the using of a caisson^ or large water- 
tight chest (tho word “ caisson” meaning a largo box or caisse). 
Tho bod of the stream was first carefully levelled by dredging. 
Strong frames of timber were then constructed, having upright 
sides like those of a box. These were floated over tho phtco 
whore tho piers wore to bo built, and the masonry of each 
pier was commenced inside the caissons. When tho first course 
was laid and cramped together, water was admitted by sluices 
into tho caisson, which then sank. The bottom was not, 
however, found to be sufficiently level ; the sluices were there- 
fore closed, tho water was pumped out of the caisson, and it 
was floated again. The ground was then again dredged and 
levelled, and this operation was performed throe times before 
tho mass of stone settled on a level bed. Tho pier was then 
built on this foundation, after which the sides of the caisson 
were removed and used for tho next pier. Blaokfriars Bridge, 
erected in 1760, was also built by caissons. In both these 
coses, however, the foundations proved failures, and both of the 
bridges have boon removed, and that at Westminster is replaced 
by tho elegant structure dosigrnod by Mr. Page, completed in 
1862; and the new Blaokfriars Bridge was, it will be re- 
membered, opened by Her Majesty in person on the 6th of 
November, 1869. 

Hitherto we have spoken of wooden piles, and before pro' 
ceeding to mention thoso formed of iron, whioh are now so 
much used, it is deemed advisable to give the student some 
little information concerning piles and pile-driving. The piles, 
then, ore squared beams of timber pointed at tho bottom. The 
timber used for this pnrxmse is oak, beech, fir, and larch. The 
piles are bound at tho top strong iron hoops, in order to 
prevent their being split by the force of the blows which drive 
them down ; they are also protected at the bottom by iron 
shoes. When tho piles are to be placed singly, tho point is 
pyramidical, that is, out to a square point (Fig. 2) ; but for sheet- 
piling tho ends ore out fiat (Fig. 3), so aa to present an edge 
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father than a point, and this edge, too, is a little slanting, that ends of these cylinders the platform of girders and planking is 
is, the triangular face is a littie longer at one side th^ the donstmcted. 


o^er. (This has alrei^ been referred to in lessons in Teoh> 
nioal Drawing,*' but is here repeated in order to render the 


The sorew*pile8, introduced by Mr. MitoheU, are admirably 
adapted for loose, moTable, and even sandy soils, and have been 


instmotion as dear as possible.) The purpose of this is, that found Tery useful in situations where all other means have failed, 
as the pile is being ^ven down, it will haye the tendency These piles are of wrought iron and are hollow, and terminate ‘ 
towards the last ^e which has been driven, and so a closer at their lower end in screws of various shapes (see Figs. 4 and 5). 
wall of piles will be formed. When sheet*piling is constructed, They are screwed down into the bed of the river or the bottom 
one pile is placed at each end of the requir^ width, and a of the sea until the pile is firmly fixed ; their heads are then 
few others at intervals. These are called guide piles, and to connected by sleepers, and the superstructure raised upon the 
these horizontal timbers are attached, c^ed wales, which base ‘thus formed. The lighthouse on the Chapman Seuid, in 
guide the rest of the piles, so that they may be plao^ in a the mouth of the Thames, is built on such piles seven inches in 


straight line. 

Film are forced into the ground by pile-drivers or engines. 
The subject of these lessons precludes any lengrthened de- 


diameter and about forty feet long ; the blade of the screw, which 
is of oast iron, is four feet in diameter. They are screwed down 
to the depth of about thirty-seven feet ; on their heads iron 


scription of such machines ; it will be sufficient to say that girders, braces, etc., are bolt^ ; and on these the lighthouse, 
a pile-driver consists of vertical gruide-bars, between which which is entirely of wrought iron, is erected. The piles are 
a weight called the “ monkey ** is drawn up, either by a seven in number, one driven in ^e centre, and the others at 
number of men or by steam power, and is suddenly released, equal distances around it. 


when its weight descends like a huge hammer on ihe head of 
the pile, which in this way is driven into the soil. Nasmyth's 
steam pile-driver consists of 

a guide-bar, with the required Fig. 

machinery for hoisting the j 

hammer, etc. This hammer 
is an important application 
of Nasmyth’s steam-hammer. 

The “monkey” is attached 

to the piston-rod, working, — - 

as in the steam-hammer, 

downwards from the tamgril ^ 

cylinders ; it acts in an j ||HHH 
iron guide-bar, resting |||||||iM 

on the top of the pile 

which is being driven, _ 

the steam being led from 4- g ' 

the boiler to the cylinder j 

by jointed pipes, which I 

allow of the motion as 

the pipe sinks. Another 1 1 I 

important pUe - driver, ' I 1 Fig, 4, 

which was ^st used in V 
the construction of St. ^ 

Katherine's Docks, Lon- ^ 

don, is the atmospheric j j 

engine, which is worked j I i 

by an air-pump and a j j * 

steam-engine. 'V < • 

We shall have an opportunity of | } ! 

entering at greater length into the con- ^ S'Q'* tf 

struotion of those imx>ortant eng^es in 
another series of lessons, and at the same 


id of The plan which was adopted by Mr. Page, O.E., for getting in 
rth's the piles of the new bridge designed by him at Westminster, 

described by Mr. AshpitoJ, is 

Fig. 1. so novel and important that 

' ■ 1^0 course of lessons could be 

deemed complete 'vnthout a 

’ driven into^the^ b^*^of the 
1 i I i Sw ^iver, passing first 

I I I nl gravel, 

- ♦-7"-^ I I I which is about four or 

I I HH five feet thick, and then 
going about twenty feet 
p. into the London clay. 

2, There are about 140 or 

150 piles to each pier, 
ranged alternately in 
j throes and fives ; around 

Li these a range of cast-iron 

, Vv .rri piles is driven, about four 

^ Yyl|| feet apart. These are 

j CI r ' - / vJr fifteen inches in 

j Vy' diameter, and have strong 

j rJ grooves, cast on each 

I \j them ; they, how- 

* Wy V ever, go into the clay 

I W only ten or twelve feet. 

J ^ Into these ^oves large plates of iron, 

y which the engineer calls “ plate piles,” 

are fitt^, and driven down between the 
piles ; they go about ten feet into the blue 


time give some illustrations of them. When piles have only j clay, and extend about a foot or two above the natural bed of 

been used for a temporary purpose they are either out off gravel. Upon these is a series of slabs of granite, placed 

at the level of the ground or are drawn up j the latter plan, edgewise, retained in their places in the following manner : — 
however, must always be adopted with great care, lest the The bottom rests on the plate-piles, the edges are secured to 
vacuum caused by the withdraWl of them should weaken the the round iron piles, and the tops to the other masonry ; the 
foundation. Piles of oast iron were first employed in the plate-piles are secur^ together by two sets of ranges of iron 
construction of Bridlington harbour. The piles used in this rods, passing through the pier and tying them togetlier ; these are 
work were formed of pLtes of iron, so contrived at the sides all fixed by the divers. It will be seen, therefore, a sort of case 
that each pile was united by a dove-tailed joint with the or box is made, which surrounds the wooden piles on* all sides; 

adjoining one. In 1822 Mr. Ewart took out a patent for iron the loose standing mud is then dredged out, and the cose filled 

piling, and the success of those employed by him emboldened up solid with hydraulic concrete, in which, of course, the piles 
others ; eventually cylindrical iron piles were introduced, and are embedded, and the whole forms one solid mass to about a 


ore now largely employed. 

These vary, according to the nature of the work, from three 
to seven feet in diameter. They ore first lowered into the water, 
and driven as far as they will go without great difficulty into the 
ground ; a quantity of clay is then placed around the outside 
rathem, for the purpose of preventing the water forcing its 


foot above low-water mark. At this level the tops of the piles 
are out off, and on each top a stone, 2 feet square, and 1} feet 
thick, is bedded, the spaces between which are again filled in 
with concrete. The gravel is then dredged out around the pier 
on the outside of the case, and the space also filled with 
concrete. It has been urged that the steamers would come 


way underneath tiie bottom. The water is pumped from the into collision with the round piles, and break them so that the 
inside, and the workmen then descend into the cylinder and dig granite slabs will escape, as it were, and fall into the rivw- 
away Ihe soil, which they send up in buckets, thus Uterally This, however, cannot be as long as the concrete remains in its 
undermining the (^linder, which ihen sinks either by its own place, as the top of the slab is secured by the masonry, and the 
weight or by additional pressure. The pile is formed of parts, bottom would not be aooessible. It was, however, provided 
and at the top of the first part ore fianges, which also exist at that the piles should be protected by floating booms, to pre- 
both ends of the other section. As one part sinks, another is vent the dianoe of collision, and to act as safeguards for tho 
bolted on to it, until the required depth is reaoh^ On the steamers as well as the bridge. 
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THE STEAM-ENGINE.~~L 

By J. M. WiaiT*», B.A., B.Sc. 

FBnra MOVIDBS — SOITKOB OF THE POWBB — MECHANICAL 
EQUIVALENT OF HEAT — PROPERTIES OP STEAM — THE 
BOILER — WAGON) CORNISH, FLUE, AND TUBULAR BOILERS 
— SUPERHEATER* 

In early times the advanoe of civilisation rendered the employ- 
ment of machinery almost a necessity, and the need of some prime ! 
mover, other than the power of man, soon began to be felt. The 
force of the wind, and the power developed in running 
streams, would be the first to suggest themselves, 
and were early employed. A great inconvenience, 
however, attended the use of l^ese agents, as they / 
were uncertain and irregular in their action. A 
long-continued drought would so far reduce the level 
of many streams, that any hydraulic oontrivanooK 
which h^ been set in motion by them would stand €|kxxxzi£ 
idle and useless, however much they might be Mk 

needed. The uncertainty of the wind was also pro- 
verbially great, and 
a calm might occur 
just at the time 

when the machinery ff \ 

was required to act. — I — j — # — I — | 

The power of ani- J 1. ^ 

mals was, of course, 
in these cases, 

convenience and | 1^ 

difficulty were ex- - | - , ■ / i ' i ~r^ 

periono^. The ani- a 

male had to bo fed i * ^ ^ i I i ' I 

and tended whether C p~ -i ; || 

any work were re- l~ ■ i M r*"l 1 ^ i 

fore, very naturally Fig, 

oovory of some source of power 
which should be certain and uni- 
form in its action, well under 
control, and, withal, economical 

in its employment. The power iH 

which has up to the present time 

most perfectly succeeded in carry- 

ing out these various conditions is 

that of Steam. Many other prime 

movers — among which may 

mentioned Electricity, Heated Air, 

and Gas — ^liave at various times 

been suggested, and tried with 

varying degrees of success. None 

of ^em have as yet exceeded, or 

even equalled the force of Steam 

for all general purposes ; but it is 

the opinion of many who are best 


It would be veiy interesting and instructive to trace the 
gradual development of the steam-engine from tMs, its earliest 
germ, down to the present time, but this would be foreign to 
the scope of the present papers, which is to furnish a practical 
description of its construction and action. We mnst, however, 
pay a passing tribute to James Watt, to whouf more is due 
than to any other of the almost numberless engineers who have 
made or suggested improvements. In fact, we may say that, in 
most of its essential features, the steam-engine of the present 
day is the same as completed and perfected by Watt. 

We must first inquire into the actual source of 
the power produced by the steam-engine ; for it 
must be carefully remembered that no maoMno can 
\ create force — all that it can do is to control or 
modify its action. The source of the power, then, 
must be sought for in the fuel consumed in the 
explained in our lessons on Heat 
Mxxxaa^l i*i The Popular Educator, heat and force are 
to a certain extent mutually convertible. 

Illustrations of the conversion of force into boat 
are familiar to al- 
most every one. We 
^ have a practical ex- 

Fig, 4 , emplifioation of it 

every time we strike 

' a lucifer match, 

P ^ and, by the friction, 

I generate sufficient 
I ^ heat to ignite the 

\ inflammable oom- 

\ ■ pound with which 

\ D I it is tipped. We 

\ ■ are not, however, 

; ■ so familiar with the 

I I fact that heat may 

|b a be converted into 

jp the case; and as 

I fully conducted by Dr. Joule and 
others, we learn that the amount 
of heat required to raise lib. of 
/ III water 1® Fahr., is sufficient to 

[ 1 If exert a mechanical force equal to 

L If raising a weight of 770 pounds to 

a height of one foot. 

Every pound of coal, or other 
combustible consumed in a furnace 
is capable of performing a certain 
definite amount of work, and the 
steam-engine may therefore be 
defined as “a machine in which 
the motive power of beat is 
utilised and made to accomplish 
desired work.'* The problem 
' ” to bo solved is to discover in 

what manner the largest portion 


competent to form a judgment on such a subject, that some of 
these will ultimately take the place that steam now occupies, 
and that the steam-engine will thus become among the things 
of the past. Be this as it may, the undoubted fact is that in 
the present day steam is all but universally adopted as the 
moving power in all our factories, large and small ; and there 
is scarcely any article that we employ in our daily life, but in 
some stage or stages of its manufacture has been operated 
upon by its agency. 

Even before the Christian era the attempt was made by Hero, 
t^e well-known philosopher of Alexandria, to drive an engine by 
the power of steam issuing from two smsdl apertures, much in 
we Brae wuy as the hydraulic machine, known as Barker’s 
Mill, IB set in motion by the reaction of the water as it issues 
from ownings in the two arms. 

A scientific toy, acting on precisely the same principle, was 
some time since brought out under the title of “The little 
Marvel ” steam-engine, and was sold in large numbers. 

*6 — n.e. 


of this heat may bo rendered available, and most of the im- 
provements made in its construction have this as their aim. 

At present, however, we cannot consider this problem as by 
any means satisfactorily disposed of, for, even in our best con- 
struoted machines, the aotual work accomplished is seldom, if 
ever, more than one-eighth of the thooretioal amount, and in 
the largo majority of cases it falls considerably below even 
this. This subject is, of course, one which demands and has 
obtained much attention from practical men. One great cause 
of the waste appears to be that the extremes of temperature 
in the boiler and condenser are not sufficiently removed from 
one another. The greater this interval, the greater is the 
power obtained; in the engine, however, it is seldom above 
200^; for although the temperature in parts of the furnace 
is frequently 3,000^, that of the steam 'S seldom much above 
300® or 350®, there being practical difficulties in the way of 
employing it at a higher temperature. 

li we Wke a vessel of wato, and apply heat to it, the tern* 
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peratare will gradually rise till it reaches 212**. At this point, 
if the vessel be an open one, it beoomes stationary, and bubbles 
of invisible vapour, or steam, are formed at the surface exposed to 
the source of heat. These rise through the liquid, causing ebul- 
lition, and then escape into the air, where they soon become par- 
tially condensed, and are thus rendered visible. If the water be 
contained in a close vessel, the pressure of the steam generated 
gradually increases, until at last, if no escape be provided, it 
bursts the vessel. 

By allowing the steam to enter an empty vessel, we find that 
it occupies a very large space as compared with the water from 
which it is produced, the increase in bulk being rather more 
than 1,700 times. As an easy mode of remembering this, we 
may stete it thus ; — A cubic inch of water, when converted 
into steam at the ordinary pressure of the atmosphere (15 lb. 
per square inch), occupies the space of a cubic foot. If the 
pressure be increased, the volume will be diminished in a corre- 
sponding degree ; thus the steam produced from a cubic inch 
of water will occupy only half a cubic foot when at a pressure 
of two atmospheres. On removing this pressure, it wiU at once 
expand. We see, then, that dry steam — that is, steam when 
above the point at which it is condensed — possesses the proper- 
ties of an elastic gas, and it is to those properties, and to its 
great increase in bulk compared with that of the water from 
which it is generated, that wo owe its employment in the 
engine. It may bo well here, as a caution, just to remind the 
student that true steam is an invisible gas. That which we see 
issuing from the funnel of an engine or the spout of a kettle, 
is in reality partially condensed steam, that is, minutely divided 
particles of water suspended in the air. 

We must not imagine tliat it is sufiioient merely to raise the 
water in the boiler to a temperature of 21 2^*, and that then it 
will at once be converted into steam. Were this the case, no 
vessel would be strong enough to withstand the sudden pressure 
thus produced, for the water would, on attaining the boiling- 
point, explode with a violence almost equal to that of gun- 
powder. The real fact is, that a large amount of heat is ab- 
sorbed m the conversion of water into steam. If we take any 
vessel containing water at a temperature of 32® — that is, just 
at the freezing-point — and having placed a thermometer in it, 
expose it to a uniform source of heat, we can easily ascertain 
the exact time it requires to attain tho boiling-point. Now 
let the heat continue uniform, the water will slowly boil away 
and be converted into steam, and we shall find that the time 
required to evaporate all the water is five and a half times longer 
than was taken to raise it from tho freezing to the boiling point. 
The temperature of tho steam has, however, at no time exceeded 
212® ; it is clear, therefore, that this additional quantity of 
heat has all been stored up or rendered latent in the steam. 

This may easily be proved. If wo close the vessel, and allow 
the steam to pass along a pipe into another vessel filled with 
ioe-oold water, we shall find that it has sufficient heat in it to 
raise five and a-half times its own weight of water to the 
boiling-point. 

Having in this way just explained tho more important pro- 
perties of steam, so far as they relate to tho engine, we must 
proceed practically to explain the mechanism and action of the 
different varieties of engine generally employed. To do this, 
the simplest plan will bo first of all to explain in detail the 
construction of some one form, which may, to a certain extent, 
be regarded as a typical form, and then to trace the various 
deviations from this, which are rendered necessary by the 
different requirements of each particular case. The engine 
which we shall select for this detailed description is that techni- 
cally known as a Double-acting, Condensing, Beam Engine; the 
meting of these terms has been explained in tho papers on this 
subject which have already appeared in The Popular Educa- 
tor, and will shortly become more apparent. 

From what has been said, it is clear that tho first requisite 
is a vessel in which the water may be contained for conversion 
into steam. This is technically Imown as the boiler, and must 
ol necessity be so made as to be water-tight, and of sufficient 
strength to resist the outward pressure of tho steam. It must, 
farther, have such a form, that heat may be easily and ooo- 
nomioally appUod to it. The construction of the furnace is 
thus intunately connected with that ot the boiler, and, as we 
shall see, the utmost variety exists in the forms given 'to the 
two. The object sought is ^e means of generating the largest 


amount of steam with the smallest expenditure of fuel ; economy 
of space is also in many oases an important requisite, and 
hence the form given to the boiler depends partly upon the 
sproial exigencies of the case. There are three main classes of 
boilers, viz., land, marine, and locomotive boilers. The two first- 
named are stationary, being usually firmly fixed in the position 
they are intended permanently to occupy. Space is usually 
more valuable in marine boilers, and hence special arrange- 
ments have to be made, even at the expense of an increased 
expenditure of fuel in proportion to the work aooompUshed. 
At the present time, however, the construction of land boilers 
is, in many respects, becoming more closely assimilated to that 
of those intended for marine use. 

The form known as the “ wagon"* boiler, and represented in 
Pig. 1, was introduced by Watt, and for a long time was re- 
garded as a standard form. Ultimately, however, it gradually 
foil into disuse ; and thereafter the Cornish "" boiler, a sec- 
tion of which is shown in Fig. 2, was perhaps the one most 
generally employed. 

It consists of a cylindrical shell, usually made with fiat ends, 
and has one or two large internal circular fiues, in which the 
furnaces are placed; the hot air, having passed along these, 
returns by flues made in the surrounding brickwork at the 
sides or bottom. The cylindrical form is much better calcu- 
lated to resist the strong internal pressure to whioh boilers are 
subjected. In other forms strong internal stays are nearly 
always introduced, to impart additional strength. The internal 
flues are firmly riveted to the ends, and materially add to the 
strength of the boiler. 

Tliere are some objections to this form, the main ones being 
that the space for the furnaces is rather limited, and a sufficient 
slope cannot well bo given to the bars. The tubes, too, unless 
carefully strengthened, will sometimes oollapse from the pres- 
sure; but these difficulties may be overcome, and the boiler is 
reckoned one of the best for ordinary ciroumstanoeB. 

The plan of allowing the flame and heated gases from the 
I furnace to play outside tubes containing the water, instead of 
passing through tubes filled with it, has been adopted in many 
instances with beneficial results. An application of this prin- 
ciple was patented by Messrs. Galloway, and became con- 
siderably employed. Conical tubes are made to pass right 
through the central flues, beyond tho combustion-chamber and 
the fire-bridge, on the plan shown in Fig. 3, whioh represents an 
ordinary Cornish boiler with these tubes, which are known as 
“ Galloway Tubes,” fitted to it. Owing to their conical form, 
tho flange at the lower end wiU pass through tho opening in the 
upper side of the flue, and thus save much trouble in the fixing. 
They are found to serve as a support to the flues, rendering 
thorn much less liable to collapse, and at the same time they 
afford increased and very effective heating surface, and improve 
tho circulation of the water in the boiler. This latter is found 
to be a very important point. When two furnaces exist, they 
are usually fired alternately, and in -this way tho production of 
smoke is found to be considerably lessened. 

The boilers employed for the earlier marine engines wore of 
the class known as flue boilers, and they attained a high degree 
of efficiency. In these the flues were wholly internal, so that 
they were surrounded on all sides by a thin layer of water, and 
the products of combustion were thus made to circulate through 
the boiler before escaping into the chimney. As will easily 
be understood, the great object required to bo obtained is to 
absorb as much as possible of the heat, without rendering tho 
draught too feeble. When the heated air escapes into the 
chimney at a very high temperature, there is, of oourse, a 
corresponding waste of heat ; the object, therefore, in having 
these long flues is to enable the water in the boilers to take 
up as much heat as possible. It will easily be seen that when 
the flues are internal, that portion of heat which is usually 
absorbed by tho brickwork, and whioh is by no means inoon- 
sidorable in quantity, is saved. 

A tabular boiler is, however, now nearly always employed in 
marine engines. In this tho heated products from the furnace, 
instead of passing along one large flue, are broken up into a 
number of small streams, whioh pass through a series of tabes, 
and thus give up nearly all their heat to the water. In this 
way it is found tiiat a great eoonomy of spaoe is effected, the 
heat being much more rapidly abstracted from these small 
streams. Sometimes mnlti-tubular boilers are oonstmoted on a 
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plan Tory aimilar to the Oornish boiler already figured. The 
front part of the flue ia fitted with a sloping grate, and aervea 
as a sombnstion-ohamber, which extends only part of the length 
of the boiler; at the back of this ia placed the fire-bridge, 
against which the flames first impinge. The rest of the flue is 
replaced by a series of small tubes about two and a-half inches 
internal diameter. These are, of course, firmly fixed into a 
tube-plate at each end, so as to render the joints water-tight 
A packing of wood is often introduced for this purpose. 

Care must be taken not to place the tubes so close together 
aa to impede the circulation of water, as it has sometimes 
been found that the additional heating surface thus attained is 
more than counterbalanced by the impaired circulation ; in these 
cases an increased production of steam has been caused by 
removing a few of the tubes. 

With a boiler of this form a return flue ia usually runeces- 
sary, and the smoke is allowed to pass directly into the 
ohi^ey ; much of the cost and labour of setting in brickwork 
is therefore dispensed with. 

Another form of boiler, now very frequently employed in 
steam-vessels, is represented in Fig. 4. In this the furnace 
passes from end to end of the boilers, and the tubes are placed 
above it, so that the smoke passes back again along the boiler 
before escaping into the chimney. ▲ is the furnace-door, B B 
the fire-bars, which slope away from the front, so that the 
fuel gradually passes along to the further end, as fresh is sup- 
plied in front. In this way the smoke produced, when the 
furnace is coaled, has to pass over the surface of the highly 
incandescent fuel at the further end before it reaches the flues, 
and thus it is to a considerable extent oonsumedk The gases 
then strike against the ftro-bridge, E, and pass into the space d. 
From this they travel along the horizontal tubes till they 
escape into the flue, f. In this way there is but little waste of 
heat : even the ash-pit, c, is, aa will be seen by the figure, within 
the boiler, so that the heat from it ia not wasted. 

The tubes in this boiler are, it will be observed, entirely 
surrounded by water. Sometimes another set is placed above 
these, BO as to be in the steam space, and these serve to raise 
the temperature of the steam, and thus render it more perfectly 
dry. This second set is technically known as the “ superheater.” 

Steam in moat of its properties resembles a gas, and, like 
any gas, expands on the application of heat to it. If, then, 
the steam be exposed to a higher temperature, either its volume 
or its pressure will be increased, and a greater mechanical 
effect may therefore be obtained from it. Another advantage 
is also obtained by superheating the steam. Under ordinary 
cirenmstanoos, when the steam is not at a very high teraporatiire, 
it ia partly condensed by contact with the cylinder and other 
working parts ; and hence there is a deposit of water in them, 
and a corresponding loss of power. By superheating the 
steam this is guarded against. Some years ago the tendency 
was to superheat the steam as much as possible. It is found, 
however, that if its temperature be raised above 315®, the 
pocking of the stuffing-boxes is liable to become charred, and the 
oil or other lubricant used in the engine to bo injured. .Tlio 
practice, therefore, seems to bo gradually diminishing, and is 
not usually carried much beyond the degree that is requisite to 
render the steam thoroughly dry. 

Very many different forms of superheater have been pro- 
posed, and tried with varying degrees of success. The usual 
plan is to cause the steam to pass through a series of tubes 
placed at the lower part of tho chimney, so that the heat 
employed is that which would otherwise escape with the smoke. 
It is not found that when fresh fuel has to be employed, any 
advantage is gained by employing it in superheating tho steam, 
instead of applying it to the boiler in the ordinary manner. 


ELECTRICAL ENGINEERING.—IIL 

BY BDWABB A. O’KBEFFB, B.E., A.8.T.B., 
Demonstrator in Eleotrioal Engineering, City and Quilds of London 
Teohnioal College, Finsbury. 

INTEODUCTORY (eonoludsd). 

The motor is a machine peonliarly adapted for facilitating 
tlie distribution of energy. Where a small amount of power 
is wanted at some dietisnoe from the generating source, elec- 


iadoity appears to be the most convenient and most economical 
agent by means of which tho necessary transfer of energy can be 
accomplished. Where a large natural supply of energy already 
exists — 08 , for instance, in the case of a waterfall — the motor 
may often be used with great advantage to do useful work at 
a considerable distance from the fall. The current which sup- 
plies the motor is conveyed to it through copper wires from a 
dynamo situated at the fall. The dynamo itself is driven by 
means of turbines or a water-wheel. 

The dynamo is of later origin than the motor, and depends 
on the converse principle to that which governs the latter. 
In the motor, electrical energy in the form of a current is 
transformed into mechanical energy which does work ; in the 
dynamo, mechanical energy is transformed into electrical 
energy in the form of current. The motor depends on the 
prinoiple that a coil of wire, in whioh a current is flowing, will 
make a magnetic pole placed in its vicinity move towards it. 
The dynamo depends on tho principle that a current will be 
generated in a coil of wire if a magnetic pole be moved in its 
vicinity. This great discovery was made by Faraday in ISfll. 
CErsted had discovered that a wire, or coil of wire, carrying a 
current, acted upon a pivoted magnetic needle placed in its 
vicinity, and forced it to take np a position at an angle to tho 
magnetic meridian, and forced it to retain this position as long 
as the onrrent lasted. When the current ceased the needle 
returned to its original position pointing north and south. It 
occurred to Faraday that the converse might also be true ; 
i.e., if a magnet be placed in, or in the vicinity of, a coil of 
wire, a current might be generated in that wire. He took a 
coil of wire, and connected its ends to the terminals of a gal- 
vanometer whioh would show the presence of a current if any 
existed in the wire. Ho then placed a magnet in the coil, 
but found that no current was generated; and the same 
result was obtained however strong the magnet was, or however 
sensitive the galvanometer. While making this experiment, he 
noticed that at the moment when he placed the magnet in the 
ooil, the galvanometer gave a momentary deflection to one side 
and immediately returned to zero, and that when he withdrew 
tho magnet it gave a similar deflection to the opposite side. 
These deflections could only be due to currents in the ooil, and 
these currents were evidently only momentary. On further in- 
vestigation bo found that these currents lasted only as long as 
the motion of the magnet lasted ; when that motion ceased the 
current ceased. The strength of the current depended upon the 
strength of the magnet, and the speed with whioh it was moved ; 
while its direotion depended upon the kind of pole whioh was 
moved, and the direotion in whioh that movement took 
place. These ourrents are known as induction currents^ 
and Faraday also discovered another and most important 
method by which they could be generated ; namely, by the 
action of an indopondout current. He wound two coils of wire 
side by side on a wooden cyliitdor, connecting the ends of one 
cpil to the terminals of a galvanometer, and the ends of the 
other to the poles of a Voltaic battery. The result which he 
obtained was somewhat similar to that just described. No 
matter what strength of current was sent through the one 
ooil, the galvanometer showed that no current was passing 
through the other; but at the moments when the current 
started and when it ceased the galvanometer showed that 
momentary currents were generated, whioh were equal in 
strength, but opposite in direction. The ooil in whioh the per- 
manent current from the battery flows is known as the 
primary coil^ the other as the secondary coil. Ho also found 
that any change in the strength of the onrrent in the primary 
ooil produced a momentary current in the secondary ; and, carry- 
ing his investigations a little farther, he found that if ho took 
two coils of wire, in one of whioh a permanent current Was 
flowing, and moved them near one another, a current was 
generated in the secondary ooil, which lasted as long as the 
relative motion of the two coils lasted. When motion ceased, 
the induced current ceased also. The coil in whioh the per- 
manent current was flowing behaved in every respect as if it 
were an ordinary permanent magnet. 

There appears to have been some doubt expressed at that 
time as to whether the effects above described were duo to 
electricity, and perhaps it would be as well to close our 
aooouut of his work on this subject with Faraday’s own 
words: — **The various experiments of this section prove, I 
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think, most completely, the prodaotion of electrioity from 
ordinary magnetism. That its intensity should be very feeble 
and quantity small, cannot be considered wonderful when it is 
remembered that, like thermo-electricity, it is evolved entirely 
within the snbstanoe of metals retaining all their conducting 
power. But an agent which is conducted along metallic wires 
in the manner described, which, whilst so passing, possesses the 
peculiar magnetic actions and force of a current of electricity, 
which can agitate and convulse the limbs of a frog, and 
which, finally, can produce a spark through charcoal, can only 
ba electricity.” 

This great discovery of Faraday’s — that the movement of a 
magnet near a coil of wire, or the movement of the coil near 
the magnet, is sufilcient to generate a current in the coil — re- 
vealed a new method by which currents could be generated. 
In 1833 Pixii constructed a machine in which a bobbin of 
wire was rapidly rotated near the poles of a powerful steel 
magnet which induced currents in the coil. This bobbin has 
received the name of the ajrmaty/re, and this type of generator 
is*known as the •magneto-electric machine. These currents 
differed in two important points from those supplied either by 
Yoltaio cells, or thermo-electric generators ; the cells and gene- 
rators supplied fairly constant and continuous currents, whilst 
those supplied by the machine of Pixii were anything but con- 
stant, and what is of far more importance, they were alternating 
— i.e.,the direction of the current was regularly reversed as the 
coil was spun round. The first of these difficulties has since 
been overcome by winding the armature so as to be meule up of 
a large number of turns of wire, in separate sections. The 
difficulty of the alternating currents has also been solved by 
fixing on the axis of the armature an arrangemefit called a 
commutator^ which forces all the currents generated in the 
armature to flow in the same direction. Most of those little 
instruments sold as medical machines for giving “ shocks,” 
are Pixii machines constructed in a convenient form. The 
fact that the current is alternating is the reason why the shook 
given by such a small machine is so severe. 

Larger machines of this class were built, but the currents 
which they generated were small when compared with the cost 
of the apparatus and its bulk. The next important advance in 
dynamo machinery was made by Wilde, who substituted power- 
ful electro-magnets for the permanent steel ones which had 
previously been used. The current to excite these electro- 
magnets was supplied by an independent magneto-electric 
machine, and very powerful currents were generated by this 
means. 

In 1867 both Siemens and Wheatstone suggested that these 
electro-magnets might be excited by the current generated in 
the machine itself, thus dispensing with the auxiliary magneto- 
electric machine used by Wilde ; and this type, together with 
the many modifications which have since been introduced into 
it, is known as the d/ynamo-electric machine. Since that date 
the dynamo machine has developed so rapidly, that at the pre- 
sent time it has arrived at such a stage that it is not only 
thoroughly reliable, but highly efficient. 

All these continuous current dynamos are reversible ; that is 
to say, they can be used as motors if supplied by an indepen- 
dent current. 

The dynamo, in conjunction with the motor, is capable of 
doing a considerable amount of work at practically any distance 
from the central station where the power is supplied, and is 
capable of doing it in a fairly economical manner. It is not sur- 
prising then that many men have attacked the problem of how 
to drive trains and tramway carriages by its means ; and 
though their efforts have not been crowned by complete suc- 
cess, still the electric railway from Portrush to the Giant’s 
Causeway in the north of Ireland, and the one along the sea shore 
at Brighton, show that those efforts have been far from useless. 
In the case of a train it was necessary to have a powerful motor 
placed in toe engine and attached to the driving-wheel. When 
the current was allowed to pass through this motor it expended 
its energy in doing the work necessary to drive the train. This 
current is generated by a dynamo machine situated at some 
convenient position along the line, and is carried to the motor 
either along the rails — in which case they must be insulated 
so as not to waste any of it by leakage — or it must be carried 
along an independent insulated conductor, and communicated 
to the motor by a metallic brush attached to the engine and 


sliding along this conductor as the train moves. In the case of 
tram-cars the motor is also used, but it has been found ad- 
visable bo supply the current in a different manner. Accumula- 
tors or secondary batteries^ carried in the tram itself, are found 
more convenient for this purpose, these accumulators being 
charged at the terminus by a dynamo machine. The necessity 
for using insulated conductors in the public streets is thus 
obviated. 

Many attempts have been made daring the present century 
to store up electrical energy so as to render it available at 
some subsequent time ; and though several men partially suc- 
ceeded, Gaston Planto was the first to solve the problem 
in anything like a commercial manner. His accumulator con- 
sists of two sheets of lead wound in the form of a spiral, but 
without touching one another, and immersed in dilate sulphuric 
acid. When a current is passed through this cell a film of 
dioxide of lead is formed on one of the plates, while the ihirface 
of the other is reduced to the state of spongy lead. While in this 
condition the coll is capable of giving a very powerful current 
for a length of time depending upon the state of the plates, 
and if the cell be in good condition it will retain its charge 
for a considerable time. In 1881 Faure, Sellon, and Volokmar 
introduced improvements in the Plants accumulator, which, 
with those which it has since undergone, render it invaluable 
in electrical engineering. No installation of incandescent 
lamps is complete without a set of aconmulatora ; in fact, 
they play that part in an electric light installation which the 
gasometer plays in the common system of lighting by gas. 

The transmission of sound by means of electricity involves 
principles which must be dealt with in detail. The telephone 
is extensively used in large towns for transmitting speech, but 
only for short distances ; and though conversation has been 
carried on by its means over a distance of some hundreds of 
miles, still the subject of long-distance telephony must be 
looked upon as in its infancy, while at toe same time it may 
be expected to spring to maturity with rapid strides in the 
immediate future. 

Beoentyears have seen mighty changes wrought by electricity, 
which so readily assumes that form of energy which is most 
useful, while the continually increasing number of purposes 
to which it is being put, to some extent foreshadows the im- 
portance of the position which it must necessarily take in the 
coming higher civilisation. 


PROJECTION.— Y. 

TO PEOJBCT A PENTAOONAL PRISM. 

Let abode (Fig. 61) be the plan, and e ^ a, e' a' (Fig. 62) 
the elevation when one of the long faces, A b, is at right angles 
to the vertical plane. Fig. 63 is the elevation, looking directly 
at the point E. The mode of obtaining this elevation has been 
shown in Fig. 40. The upper end of the axis is shown at g in 
the centre of the plan,**^ and its position in the elevation is at 
f g. Now it will be remembered that the ends of a right prism 
are equal and similar planes, parallel to each other,f these ends 
being united by lines at right angles to their surfaces ; and it 
will therefore be evident, that projecting a prism is only re- 
peating the process of projecting a plane. Thus let it be 
requir^ to draw the plan of the prism when resting on A B, 
its axis at 45^^ to the horizontal, and parallel to the verticil 
plane. It has already been shown that the axis is parallel to 
the edges of a prism ; consequently, as the axis is at 60^, so 
will be the edges. Therefore, place the line a of (Fig. 64) at 45®, 
and on this line construct the elevation of Fig. 61 ; project the 
ends (Fig. 65) by dropping perpendiculars from the points in the 
elevation (Fig. 64), and intersecting these by horizontals from too 


* To find the centre of a regular polygon : — Bisect two of the aisles 
of sides which adjoin each other, and the point where the bisecting 
lines meet will be the centre. 

t When toe planes forming the ends of the prism are at right angles 
to the long sides (that is, so that if the prism stands on one of the 
ends, the long sides may be vertical), it is called ** a right prism.** 
When the planes of the ends are slanting to the length ot the prism, 
it is called ** oblique.** In these lessons all prisms are assumed tc ^ ^ 
'* right.** unless otherwise expressed. 
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oorreepondlag 
points in the 

plan of Fig*. 61. 

Unite the points 
of these two j. gg 

plans by lines ® 

representing* the 
long edges of the 
prism, which will 
then be seen to 
be parallel to the 
vertical plane 
(Figr. 65). 

Fig. 66 shows 
the prism when 
the axis is at 
45® to the hori- 
zontal, and 30® 
to the vortical 
plane. In this 
figure it will only 
bo necessary to 
place the plan of 
Fig. 65 at the re- 
quired angle with 


the intersecting 
line, viz., Fig. 67; 
then perpendicu- 
lars drawn from 
the angles, in 
tersected by ho- 
rizontals drawn 
from 'the corre- 
sponding points 
in the elevation, 
will give the pro* 
jeotion. 

OF PTBAHIDS. 

A pyramid is 
a solid which 
stands on a tri- 
angle, square, or 
polygon, and ter- 
minates in a 
point, all its sides 
being, therefore, 
triangles. 

The axis of a 
pyramid is the 
line joining the 
centre of the base 
to its summit, 


Fig. 68. 



called the apex. 
When the axis 
rises from the 
centre of the 
base, and is per- 
pendicular to it, 
the sides will be 
aU equal trian- 
gles, and the 
solid is called a 
right pyramid. 
*When the axis is 
not at right an- 
gles to the biise, 
the pyramid is 
called “ oblique.” 
When the upper 
part of a pyra- 
mid or cone is 
cut off, the solid 
is said to be 
“ truncated.” 

Fig. 68 is the 
plan, and Fig: 
69 the elevation 
of an hexagonal 
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{pyramid when two sides of the plan* b c and b v, are at right I 
angles to the vertioal plane, and its axis vertioaL Now let it j 
be required to draw the plan of the pyramid when lying on the 
side BOO. The elevation (Fig. 70) will be precisely the same 
as in Fig. 69, altered only in position. It will be self-evident 
that if a pyramid stood on a plan, and, wh^st resting on the 
line B c, it were gradually turn^ over until it should lie on one 
of its triangular faces, the widths P b, bo, and A p would 
remain the same, notwi^standing the change of position ; for, 
supposing pieces of board were placed upright on the lines h h, 
the angles A, D would touch these “ wwden walls ” throughout 
the movement ; but this is not so with regard to the widths 
from B to 0, and from p to b, which are altered according to 
the position of the plane of the base in relation to the hori- 
zontal plane. 

The points for the plan (Fig. 71) will therefore be found by 
producing the straight lines E o, P B in the plan, and intersecting 
them by perpendiculars from the corresponding points in the 
elevation. A line drawn from a in the plan parallel to the in- 
tersecting line, intersected by a perpendicular from a' in the 
elevation, will give a'', which wiU be the plan of the apex. 

Fig. 72 is the projection of the pyramid when lying on one 
of its faces, with its axis at 45^ to the vertical plane. In order 
to test the student's oomprohonsion of the foregoing lessons, 
this figure is left unlettered. 

It is now required to find the true shape of the section a d, 
HI (Fig. 69). It will be evident that, as a d in the elevation 
represents A u in the plan (Fig. 68), a d will be the width of the 
section at its base. Therefore, draw a d (Fig. 73), and erect a 
perpendicular at its centre. Make this perpendicular equal to 
Jj and draw a line through i parallel to A d. From ^ (Fig. 69) 
draw a perpendicular cutting the radii p and E of the plan in 
Join h i, { A, h D. Then ad i h will bo the plan of the section* 
or the view of it looking downward in the direction of the arrow. 
On each side of i, in the true section (Fig. 73), set off half the 
length of the line ihin the plan — viz., i' h'. Join h' A and i'D, 
which will complete the fornj of the section. 

The next stop is to develop the covering of such a solid. It 
is hoped that, after the instructions already given, this will 
prove an easy task. 

From a in the plan (Fig. 68) draw a line, a J, perpendicular 
to r 0, and equal to the height of the pyramid (^ a). Draw 
F J, C J, which represents the section which would be bounded 
by a diagonal of the base and two of the edges {iwt sides) of 
the pyramid. With j p as radius, describe an arc (Fig. 74), and 
set off on it the lengths equal to the sides of the base. Join all 
those points to each other and to j'. On c b, or any other of 
the sides, construct a regular hexagon, which will complete the 
development of the pyramid and base. Bisect E p by the lino 

J , and on this line sot off the height, e i, on the elevation (Fig. 
69), and through i draw i h. Join these points to each other 
and to A, D ; this will give the section-lino marked in the 
development. 

.PROJECTION OP CIRCLES AND CYLINDERS. 

We now approa>ch a branch of our subject which is of 
especial importance to engineers and metal plate-workers — 
namely, the projection of circles and cylinders, and their 
development. As, however, the previous lessons have gn^adually 
led up to this point, it is hoped that the student will have 
been so prepared for the subsequent studies that ho will find 
but little difficulty in them. 

Fig. 75 is the front elevation of a circular plane ; and it will 
be seen that the plan of this is a mere line, a b, equal to the 
diameter of the circle. (The aperture in a child’s money-box is 
the plan of the penny which drops through it.) To prepare 
this disc for projection, divide its circumference into any num- 
ber of equal parts, as a e, e d, etc., and from the points a, e, d, 
etc., drop pcrponiliculars to out the plan A B in the points simi- 
larly lettered. If now we rotate the disc so that its plan is 
at right angles to the interseotinj: line (Fig. 76), the elevation, 
too, will be a line, c c\ equal to the diameter. To project this 
circle, transfer the points c, d, d, and E, b to plan A b (Fig. 76). 
Let ifc then be required to find the forms of elevations when 
the plane of the disc is at 60® and 30® to the vortical plane. 
Place the plan at each of these angles, as a b' and a Taking 


A as a centre, describe arcs from the poiiits in the plan to out 
the plans A b’ and A b” in c' d' b'. From each of these points 
draw perpendiculars, and from the points similarly lettered in 
the elevation draw horizontals. The intersections of these two 
sets of lines will give the points c, d, e, etc., through which the 
curve is to be drawn by hand in the tot instance, but it may 
subsequently be inked by means of the French curve, or oentros 
may be found from which parts of the ellipse may be struck. 

^e principle on which the projection of a circle is founded 
having thus been shown. Fig. 77 gives a simplified method. 
Let it be required to draw the plan of a circle when resting on 
one end of a diameter which is parallel to the vertioal plane, 
the surface being at 30® to the horizontal plane. The line a b, 
placed at 30® to the intersecting line, will then represent the 
elevation of the disc. From the centre of this line, with the 
radius of the oirde it is intended to project, describe a semi- 
circle, and divide it into a number of equal parts, ab, bd, etc. 
From each of the points A, B, D, etc., draw lines meeting A b at 
right angles in the points c, d, d, s, e. Draw any line parallel 
to the intersecting line, and draw perpendiculars to it from a 
and b ; then this line a" b' will be the plan of the diameter 
which is parallel to the vertioal plane. The semicircle drawn on 
A B represents one-half of the disc lifted up until it is parallel 
to the vertical plane. The lines c c, D d, and B e thus show the 
distance which each of these points in the oiroiunferenoe is 
from the diameter A b. Therefore, from e, e, c, d, d in the ele- 
vation draw perpendiculars passing through the plan of the 
diameter a' b' in d\ c\ d\ e. From these points set off on 
the lines drawn through them, and on each side of a*b\ the 
lengths e' e, d' d, c' c, etc., and through the points thus obtained 
the plan is to be drawn. 

Fig. 78 shows the mode of projecting a circle when its sur- 
face is at 30® to the horizontal, and one of its diameters at 45^ 
to the vertioal plane. Place A B at 45® to the intersecting 
line, and on it construct the plan by measurement from Fig. 77. 
This is best done by drawing a lino, 0 c, at right angles to the 
diameter, A b, and on each side of the intersection marking off 
the distances e, «, d, d. By drawing lines through these points 
at right angles to A b, and making them the same length as in 
the plan of Pig. 77, the points for the present figure will be 
obtained. From these points in the plan draw perpendiculars, 
and from the points correspondingly lettered in the elevation of 
Fig. 77 draw horizontals, and the intersections will give the 
points through which the projection of the circle is to be drawn. 


MINERAL COMMERCIAL PRODUCTS,— V. 

CALOAREOUB*^ BtJBSTANCEB. 

The metal calcium very readily oxidises and forms lime, which 
easily enters into combination with carbonic add, forming car- 
bonate of lime (the base of limestone, chalk, marble, and 
calc-spar), and with sulphuric acid and water to form gypsum. 
Carbonate of lime in its various forms is a most abundi^t sub- 
stance, and of the most extensive use, whether in its native 
condition as stone for building, paving, statuary, and smelting, 
or in its preparations — ^mortars and cements, in gloss-makingf 
leather-dressing, bleaching, agriculture, and medicine. 

Common limestone is found in almost every geological forma- 
tion; compact and often crystalline in the older rooks, but 
generally loose and more earthy in the newer. It is abundant 
in nearly all countries, in varying qualities and degrees of 
adaptation to its numerous uses. In England it chiefiy occurs 
in the rooks of the Devonian and CorboniferonB series — moun- 
tain limestone especially — and in the Liasdo and Oolitic sys- 
tems. The dolomite or magnesian limestone belongs to the 
Permian group of rooks. The best kinds of limestones for 
building are those of Portland, Bath, Box, and Corsham, all of 
which are Oolitic, and the magrnesian limestone of Notts and 
Yorkshire. The oolite of Bavaria furnishes a very fine litho- 
graphic stone ; these stones are also supplied from older rooks 
in Canada, and from France, Ghreeoe, and Portugal. 

Oi ornamental limestones, those of South Devon are exten- 
sively worked. Some interesting varieties of the red, grey, and 
variegated marbles (so called) are obtained near Torquay. 
Many blocks are almost entirely formed ot fossil corals, and 

That is, having the nature of limestone. 
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known as madArepore marbles. The Oarboniferoua rocks of‘ 
Derl^shire are rich in ornamental limestones, the chief varieties 
of which are the entrochal or encrinital marble, productal 
xnarble, and block marble. The former of the first two is built 
np of the stony fragments of stone-lilies {Encrinites)^ whilst 
the latter is composed almost entirely of shells of the genus 
Producta, Other marbles of a like character are obtained in 
Staffordshire, Somersetshire, and Ireland. The Purbeok and 
Fetworth marbles are limestones charged with the fossil shell 
Paludina, and hence are sometimes c^led palndinal marbles ; 
they belong to the Purbeok and Wealden series respectively, and 
were formerly used extensively in ecclesiastical architecture. 

The true marbles are altei^ limestones or dolomites. The 
finest is the pure white or statuary marble ; others are red or 
yellow in colour, and either pure or streaked. They are firm in 
texture, finely grained, and susceptible of a beautiful polish; 
hence their use for ornamental purposes. Italy is pre-eminently 
a marble-producing country, and has of late years produced an 
average of 250,000 tons per annum of statuary marble. The 
best white marble is now obtained from Carrara, quarried in 
the Apennines where they approach the Mediterranean. India, 
Sicily, Spain, Ireland, the United States, and other countries 
also fttmish it. 

Coral limestone belongs to this group of mineral products. 
It is a recent formation, and the rook is sometimes used as a 
building stone in the ^uth Sea Islands. Great numbers of 
these islands, as well as numerous others in the Indian Ocean, 
are themselves natural coral structures. Coral reefs are abun- 
dant in tropical seas and the North Atlantic and Pacific Oceans. 

Marlt a mixture of clay with carbonate of lime, occurs as 
clay-marl, marl-clay, and shell-marl. It is procured from 
valleys which have formed the beds of lakes, and from the' 
neighbourhood of existing lakes, and is useful as a manure. 
Calcareous sand, formed ohiofly of crushed shells, and found on 
ancient and modem beaches, is also nsed in agriculture. Of 
such sand, 8,000,000 cubic foot are annually removed from the 
Cornish coast into the interior. The shelly deposits of the Crag 
formations, in the east of England, are similarly used. 

Gypsum is a very valuable mineral, occurring chiefly in the 
New Bed Sandstone and in Tertiary deposits, but also among 
earlier rooks. It is abundant in England, Ireland, Franco, 
Canada, Nova Scotia, and in many other places. Gypsum forms 
the plaster of Paris, of such utility in building and modelling ; 
crystallised, it is met with in selenite^ satiu gypsum^ and ala- 
baster. The use of this last, for statuary and Ornamental work, 
dates from the remotest times of Etruscan art. Statuary ala- 
baster is obtained from the Miocene and Pliocene strata in 
Tuscany and in Egypt. 

Limes, stuccoes, and cement, so indispoiisablo in all building 
operations, are obtained from various carbonates. Pure car- 
bonates make rich limes, which are such as sot only in dry air ; 
Impure ones (with mixtures of clay) yield hydraulic limes, which 
, ossess the valuable property of setting in moist air, and even 
under water. The septoria or calcareous nodules in London 
Clay, at Sheppey, those procured at Harwich, the cement stones 
of the Lias at Whitby, and of the Speeton Clay of Yorkshire, 
the Lower' Lias Limestone, etc., furnish suitable limestone for 
hydraulic cements. 

S1LICIOX7S SUBSTANCES. 


When hard and coarse-grained they are denominated grits. If 
•pebbles very largely predominate, they are called oonglome- 
rates, and these are either pudding stones with rounded pebbles, 
or breccia with angular fragments, '^e extremely hard and 
schistose grits are very useful for flag-paving. The best 
qualities of the^ are supplied from Forfarshire^and Caithness. 
l^Ustonea are obtained &om the Millstone Grit of Newcastle, 
from Yorkshire, Belgium, France (especially at La Forte), and 
Wurtomburg. They are also made from a silicions limestone 
near Paris, and out of lava at Anderuaoh. For building pur- 
poses, the finest sandstone is quarried at Craigleith and other 
localities in the Carboniferous formations of Scotland. Good 
stone is obtained from rocks of the same age in Durham, York- 
I shire, Derbyshire, etc., and from Queen’s County and other 
i parts of Ireland. 

1 Silicious sands ore much in request in the arts, as in building 
! for mortars, in moulding and casting, and in glass-making. 

I The most valuable for the last-named purpose are procured 
j from Senlis in IVanoe, from the Isle of Wight, Lynn Begis, 
i Aylesbury, and Beigate. Pottenstone^ found in Derbyshire and 
; elsewhere, is a decomposed silicious limestone, and is used for 
, polishing. Bath brick, Tripoli powder, the polishing powder 
j from Bilin, in Bohemia, the Berg-mehl of Sweden and America, 
j and the French tellurine, are peculiar mealy forms of silica. 

laNEOUB AND HETAUOBPHIC BOCKS. 

Granites, and their allied rocks, gneiss, inica-sohist, and fel* 
stones, consist largely of silica. Their chief mineral consti- 
i tuents are quartz, felspar, and mica (white, green, or black). 
Felspar is a silicate of alumina and potash, or, in the case of 
alhitej the white felspar of Cornish granite, of alumina and 
soda. Mica is a silicate of lime and alumina or iron. Where 
hornblende, a dark-green silicate of lime and magnesia, has 
: taken the place of mica, the stone is called syenite. These 
rocks assume a structure termed porphyritio — that is, they are 
I composed of crystals embedded in an amorphous matrix^ — and 
i are highly valued for ornamental purposes. These latter, and 
! white granite, are obtained from Cornwall and Devon, red and 
! grey granites from Aberdeen and Peterhead, and a very hard 
I and iirk variety from Guernsey, the Malvern Hills, and Loices 
' torshire. Granitic rooks are abundant in many parts of the 
worM, Ireland, Norway and Sweden, India, and China among 
j others ; and Egypt is famed for its syenite and red porphyritio 
I felstone. They f\irnish a durable and highly polishable building 
material, particularly well suited for bridges, quays, and monu- 
mental works. The coloured varieties are eminently adapted 
! for ornamental purposes. Mica is often found in largo crystals, 
j which can be split up into plates and used as glass. This is 
I the material known as Siberian glass, from the country whence 
it is supplied. TaU is a similar mineral, and is employed in the 
porcelain and crayon manufactures : it forms, besides, the French 
chalk. Asbestos is a fibrous variety of hornblende. It can be 
woven into a fire-proof cloth, and is also made available in open 
gas stoves. 

PRINCIPLES OF DESIGN— II. 

I By Christopher Dresser, Pli.I)., F.L.S., etc. 


Another very important mineral substance is silica, which is 
a combination of oxygen with the metalloid siliciom or silioon. 
The purest examples of silica arc rock-crystal, quartz, and flint. 
The colourless crystals, especially the so-called Brazilian 
pebble, are much used for lenses. Quartz, which, crystallised, 
constitutes several of the gems, is an important constituent of 
granitic rooks ; and, in the form of sand, it is the principal 
nigredient in all sandstones. Quartz, well powdered, is com- 
bined with fine clays in the manufacture of porcelain in China, 
as flint is also in Great Britain. Flints are irregular masses of 
nearly pure silica, occurring in nodules distributed in layers, in 
the Chalk formation especially. Eeduoed to powdci-, they enter 
into the composition of china, porcelain, and glass ; and, whole, 
they furnish a rough building material. 

Sandstones are of very various composition and of different 
degrees of hardness. They consist of silicious sand.s, often 
ttuxed with other substances, all cemented togethoi* by means 
of carbonate of lime, oxide of iron, silica, or clay. They are of 
all geological ages, the oldest being usually the most compact. 


EGYPTIAN OBNAMENT— GREEK ORNAMENT—BARLT CHRISTIAN 
SYMBOLISM. 

In my former article I observed that ornamental forms in 
many cases make utterance of truths which are so far hidden 
as to be imperceptible to tbo untutored, and this utterance was 
illustrated by reference to the Egyptian lotus, which spoke to 
those for whom it was intended of coming plenty, and thus 
became first looked for with pleasure, then reverenced, and 
finally worshipped as the abode or personification of a god. 

Egyptian ornament is so full of forms which have interesting 
significance that I cannot forbear giving one or two other illus- 
trations ; and of this I am sure, that not only docs a knowledge 
of the intention of each form employed m a decor«.tive scheme 
cause the beholder to receive a 8i>ccial amount of pleasure when 
viewing it, but also that without such knowledge no one con 
rightly judge of the nature of any ornamental work. 

There is a device in Egyptian ornament which the most 
casual observer cannot have failed to notice ; it is what is termed 
the “ winged globe,” and consists of a small ball or globe, imme* 
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diatdy at the irideB of which are two asps, and from which Mueenm library^, where several interestixig worira on Egyptian 
extend two wings, each wing being in length about five to eight ornament may be seen ; from the “ G^ramxnar of Ornament*’ by 
times that of the diameter of the ball (Fig. 2). The drawing of Mr. Owen Jones, the works on Egypt by Sir Gardner Wilkinson \ 
this device is very grand. The force with which the wings are and, especially, by a visit to the Egyptian Court of the Crystal 



delineated well represents the powerful character of the pro- Palace at Sydenham, and by a careful perusal of the hand-book 
tection which the kingdom of Egypt afforded, and which was to that oourt.t Much might also be said respecting Egyptian 
symbolised by the extended and overshadowing pinions. architecture, but on this we can say little ; yet, as the columns 

I know of few instances in which forms of an ornamental of the temples are of a very ornamental character, we may 


character have been com- 
bined in a manner either 
more quaint or more 
interesting than in the 
example before us. The 
composition presents a 
charm which few orna- 
ments do, and is worthy 
of careful consideration. 
But this ornament derives 
a very special and unusual 
interest when we consider 
its purpose, the blow 
which was once aimed at 
it, and the shock which its 
perpetnators must have 
received, upon finding it 
powerless to act as they 
had taught, if not be- 
lieved, it would. 

The priesthood in- 
structed the people that 
this was the symbol of 
protection, and that it so 
effectually appealed to the 
preserving spirits that no 
evil could enter where it 
was portrayed. With the 
view of giving a secure 
protection to the inmates 
of Egyptian dwellings, 
this device, or symbol of 
protection, was ordered to 
be placed on the lintel 
(the post over the door) of 
every house of the Egyp- 
tians, whether residence 
or temple. 

It was to nullify this 
symbol, and to show the 
vain character of the 
Egyptian gods, that Moses 
was commanded to have 
the blood of the lamb 
slain at the passover 
placed upon thelintel, in 
the very position of ‘^s 
winged globe. It was 
also enjoined as a further 
duty, that the blood be 
sprinkled on the door- 
post ; but this was merely 
a new duty, tending 
further to show that even 



notice that in most oases 
they are formed of a 
bundle of papyrus stems 
bound together by thongs 
or straps — the heads of 
the plant forming the 
capital of the column, 
and the stems the shaft 
(Fig. 3). In some cases 
the lotus was substituted 
for the papyrus,;^ and in 
other instances' the palm 
leaf ; these modifications 
can be seen in the Egyp- 
tian Court at Sydenham 
with great advantage, 
and many varieties of 
form, resulting from the 
use of the one plant, as of 
the papyrus, may also be 
observed. 

We have here an op- 
portunity of noticing how 
the mode of building, how- 
ever simple or primitive 
in character, first em- 
ployed by a nation may 
become embodied in its 
ultimate architecture; 
for, undoubtedly, the rude 
houses first erected in 
Egypt were formed largely 
of bundles of the papyrus, 
which were gathered from 
the river side — ^for wood 
was rare in Egypt — and, 
ultimately, when buildings 
were formed of stone, an 
attempt was made at imi- 
tating in the new mate- 
rial the form which the 
old reeds presented. But 
mark, the imitation was 
no gross copy of the 
original work, but a well- 
considered and perfectly 
idealised work, having 
the true architectural 
qualities of a noble-look- 
ing and useful column. 

* The South Eeneingtos 
Museum Art library, its 
Eduoational reading-room, 


in position aa well as in 

nature this winged globe was powerless to secure protection. 
This device, then, is of special interest, both as a symbolio 
ornament, and as throwing light on Scripture history. 

Besides the two ornament^ forma mentioned, i.e., the lotus 
and the winged globe, we might notice many others also of great 
interest, but our space will not enable us to do so : farther in- 
formation may, however, be got from the South Kensington 


dto., are open to any one 
' on paying 6d. a week, la. 6d. a month, or 10s. a year. 

t A handbook to each of the historic courts erected in the Sydenham 
Palace was prepared at the time the courts were built* Loudon 
studente cannot do better than make a practice of systematically 
studying these varioue courts. 

X The papyrus was the plant from which Egyptian paper was made. 
It was also the bulrush of the Scriptures, in which the infant Moses 
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We must now pass from the ornament of the 
Egyptians to that of the Greeks, and here 
we meet with decorative forms having a 
different object and different aim from those 
already considered. 

Egyptian ornament was symbolical in 
character. Its individual forms had specific 
meanings — the purport of each shape being 
taught by the priests — but we find no such 
thing as symbolism in Greek decoration. 
The Greeks were a refined people, who 
sought not to express their power by their 
works so much as their refinement. Before 
the mental eye they always had a perfeot 
ideal, and their most earnest efforts were 
made at the realisation of the perfections 
of the mental conception of absolute refine- 
ment. In one respect the Greeks resembled 
the Egyptians, for they rarely created new 
forms. When once a form became sacred 
to the Egyptians, it could not be altered ; 
but with ^e Gmks, while bound by no 
law, the love of old forms was great ; yet 
the Greeks did not seek simply to repro- 
duce what they had before created, for they 



Athens* (Fig. 5). The idea presented by 
this column is that of an energetic upward 
growth which has come in contact with 
some super-imposed mass, the weight of 
which presses upon the column from above, 
while the energy of the upward growth of 
the column causes it to appeaif f^y equal 
to the task of supporting the superincum- 
bent structure. Mark this — that by pres- 
sure from above, or weight, the shaft of the 
column is distended, or bent out, about one- 
third of the distance from its base to its 
apex (just where this distension would occur, 
were the column formed of a slightly plastic 
material), and yet this distension of the 
shaft is not su^ as to give any idea of 
weakness, for the column appears to rise 
with the energy of such vigorous life, as to 
be more than able to bear the weight which 
it has to sustain. 

Mark also the singularly delicate curve of 
the capital of the column, which appears as a 
slightly plastic cushion intervening between 
the shaft and the superincumbent mass which 
it has to support. The delicacy and lefine- 



iaboured hard to improve and refine what the> had 
before done, and even through succeeding centuries 
they worked at the refinement of simple forms 
and ornamental compositions, which have become 
characteristic of them as a people. 

The general expression of Greek art is that of 
refinement, and the manner in which the delicately 
cultivated taste of some of the Greeks is expressed 
by their ornaments is perfectly astonishing. One 
decorative device, which wo term the Greek 
Anthemion, may be regarded as their principal 
ornament — (the original ornamental composition 
by one of my pupils, Fig. 4, consists primarily of 
three anthemions) — and the variety of refined forms 
in which it appears is most interesting. 

But it must not be thought that the Greek 
ornaments and architectural forms present nothing 
but refinement made manifest in form, for this is 
not the case. Great as is the refinement of some of 
these forms, we yet notice that they speak of more 
than the perfected taste of their pr^ucers, for they 
reveal to us this fact — that idieir creators had 
great knowledge of natural forces and the laws by 
which natural forces are governed. This becomes 
apparent in a marked degree when we inquire 
into the manner in which they arranged the 
proportion of the various parts of their works 
to the whole, and especially by a consideration of 
the subtle nature of the curves which they em- 
ployed both in architectural members and in deco- 
rative forma; but into this matter we must not 
enter. Yet, by way of throwing some faint light 
upon the manner in which knowledge is em- 
bodied in Greek forms, I may refer to the Doric 
olumn, such as was employed in the Parthenon at 


ment of form presented by this capital ore perhaps 
greater than that of any other with which we are 
acquainted. 

ITie same principle of life and energy coming in 
contact with resistance or pressure from above is 
constantly met with in the enrichments of Greek 
oomices and mouldings ; but having called attention 
to the fact, I must leave the student to observe and 
think upon these interesting facts for himself. Let 
me, however, say that there are few classic build- 
ings in England which will aid the learner in his 
researches ; there is now but little poetry in archi- 
tectural buildings, and but little refinement in the 
forms of the parts ; and, added to this, Greek art 
without Greek colouring is dead, being almost as 
the marble statue to the living form. For the 
purposes of my readers, the Greek Court at the 
Crystal Palace will bo the best example for 
study. 

1 might now review Boman ornament, and show 
that in the hour of pride the materials of which 
the works were formed wore considered, rather 
than the shapes whioh they assumed ; and how we 
thus get little worthy of praise from the all-oon^ 
(luering Bomans — how the sunny climate and 
religious superstitions of the East called forth the 
gorgeous and beautiful developments of art whioh 
have existed, or still exist, with the Persians, 
Indians, Turks, Moors, Chinese, and Japanese ; but 

* A oapital and portion of the shaft of one of these 
colamiis ore to be seen in the British Museum Soulp- 
ture-room, and a oast of the same at tlie Cry stal Palace,. 
S^’denham. This Doric column is employed in the 
Greek Court of the Cryatal Palace. 
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Iliaye not space to do so ; yet all the tonna of ornament which 
these peoples have created are worthy of the most oarefnl and 
exhaustive oonddoration, as they present art-qualities of the 
highest kind. I know of no ornament more intricately beauti- 
ful and mingled than the Persian— no geometrical strapwork, or 
systems of interlaoing lines, so rioli as those of the Moors (the 
Alhombraio) — no fabrics so gorgeous as those of India — ^none so 
quaintly harmonious as those of China ; and Japan can supply 
the world with the most beautiful domestio articles that we can 
anywhere procure. 

We must pass on, however, to what we may term Christian 
art, or that development of ornament which had its rise with 
the Christian religion, and has associated itself in a special 
manner with Christianity. 

Neither the Egyptians nor early Qreeks appear to have used 
the arch struoturi^y in their build^gs ; the Bomans, however, had 
the round arch as a primary element in the construction of -^eir 
edifices. This round arch was also used by the Byzantines, and 
amongst their ornaments we find those combinationB of circles 
and parts of circles, which we find so constantly recurring in 
later times in Gothic architecture and Gothic ornament. Norman 
buildings, again, show us the round arch, and present us with 
such intersected arcs as would naturally suggest the pointed arch 
of later times, with which came the full development of Gothic 
or Christian architecture and ornamentation. There was a 
very fine and marvellously clever development of decorative 
art, enthusiastioally worked at by the Christian monks of the 
seventh and eighth centuries, called Celtic, of which we have 
many very beautiful examples in Professor Westwood’s great 
work on early illuminated manuscripts ; but what is generally 
understood by Christian or Gothic art had its finest development 
about the thirteenth century. 

Gothic ornament, like the Egyptian, is essentially symbolic. 
Its forms have in many instances specific significance. Thus 
the common equilateral triangle is in some cases used to 
symbolise the Holy Trinity j so are the two entwined triangles. 
But there are many other symbols employed in Gothic orna- 
ment which set forth the mystery of the Unity of the Trinity. 
Thus in Fig. 6 we have three interlaced circles, which beauti- 
fully express the eternal Unity of the Trinity, for the circle alone 
symbolises eternity, being without beginning and witliout end, 
and the three parts point to the Three Persons of the Godhead. 
A very curious and clover symbol of the Trinity is portrayed in 
Fig. 7, whore three faces are so combined as to form an orna- 
mental figure. 

Baptism under the immediate sanction of the Divine Trinity 
was represented by three fishes placed together in the manner 
of a triangle (Fig, 8) ; but so numerous were Christian symbols 
after the ninth century, that to enumerate them merely would 
occupy much space. Every trefoil symbolised the Holy Trinity, 
every quatrefoil the four evangelists, every cross the Cruci- 
fixion, or the martyrdom of some saint. And into Gothic 
ornamentation the chalice, the crown of thorns, the dice, the 
sop, the hammer and nails, the flagellum, and other symbols 
of our Lord’s passion, have entered. But, besides those, wo 
have more purely architectural forms making gentle utterance : 
the church spire points heavenwards, and the long lines of the 
clustered columns direct the thoughts upwards to hcavu7i and 
to God. 

Gothic ornament, having passed from its purity towards 
undue elaboration, began to lose its hold on the people for 
whom it was created, and the form of religion with which it 
had long been assoolated had become old, when the great 
overthrow of old traditions and usages occurred, commonly 
called the Reformation. With the reformation of religion came 
a revival of classic learning, and a general diffusion of know- 
ledge, and thus the immediate necessity for art symbols was 
passing away, it being especially to an unlettered people that 
an extended system of symbolism appeals. With this revival of 
classic learning came the investigation of classic remains — the 
exploration of Ghreok and Roman ruins ; and while this was 
going on, a dislike to whatever had been associated with the old 
form of religiou had sprung up, which dislike turned to hate as 
the struggle advanced, till the feeling against Gothic architecture 
and ornament became so strong, that anything was preferred to 
it. Now arose Benaissance architecture and ornament (revival 
work), which was based on the Roman remains, but was yet re- 
moulded or formed anew ; so that the ornament of the Benais- 


sanoe is not Roman ornament, but a new decorative sohemey 
somewhat of the same genus as that of the Roman. Here, 
however, all my sympath^s end. I confess that all Benaissanoe 
ornament, whether developed under the soft sky of Italy 
(Italian ornament), in more northerly France (French Renais- 
sance), or on our own soil (Elizabethan, or English Benaissanoe), 
fails to awaken any feeling of sympathy in my breast ; and that 
it, on the oontra^, chills and repels me. I enjoy the power and 
vigour of Egyptian ornament, ihe refinement of the Qr^k, the 
gorgeousnesB of the Alhambraio, the riohness of the Persian and 
Indian, the simple honesty and boldness of the Gothic; but with 
the coarse Assyrian, the haughty Roman, and the cold Reni^- 
sanoe, I have no kindred feeling, no sympathy. They strike 
notes which have no chords in my nature : hence from them. I 
instinctively fly. I must be pardoned for this sentiment by 
those who differ from me in judgment, but xfly continued 
studies of these styles only separate me further from them in 
feeling. 

It vrill be said that in my writings I mingle together orna- 
ment and arohiteotore, and that my sphere is ornament, and 
not building. I cannot separate the two. The material at 
command, the religion of the people, and the olimate, have, to a 
great extent, determined the character of the arohitectare of 
all ages and nations ; but they have, to the same extent, deter- 
mined the nature of the ornamentation of the edifices raised. 
Ornament always has arisen out of architeoture, or been a 
mere reflex of the art-principles of the building decorated. We 
cannot rightly consider ornament without architeoture; but 
I will promise to take no further notice of architeoture than 
is absolutely neoessary to the proper understanding of our 
subject. 


VEGETABLE COMMERCIAL PRODUCTS.-III. 

PLANTS YIELDING SPICES AND CONDIMENTS (contimed). 

Allspice, Pimento, ob Jamaica Peppeb (Eugenia pimento^ 
De Candolle; natural order, Myrtacem ). — This plant is called alU 
$pice because it has the combined flavour of aU the other spices 
— that of cinnamon, oloves, and nutmegs entering into its com- 
position. The unripe berries of this plant, dried in the sun, form 
the allspice. The plant itself is a handsome evergreen, with a 
straight trunk about thirty feet high, covered with a smooth, 
grey bark. Its leaves are opposite, short-petioled, elliptical, 
smooth, and pelluoid-dotted, abounding in an essential oil, to 
which the pimento owes its aromatio properties. The flowers 
are greonish-white, and the fruit is a smooth, shining, succulent 
berry, black when ripe, and containing two uniform seeds, the 
flavour of which resides within the shell. 

The allspice is a native of the West Indies, where it is culti- 
vated — partioularly in Jamaica, in the hilly parts of the country 
•~in plantations, having broad walks between the trees, called 
** pimento walks.*’ It begins to bear fruit when three years of 
age, and arrives at maturity in seven years. Nothing can be 
more fragrant than the odour of the pimento trees, espeoially 
when in bloom ; even the leaf emits a fine aromatio odour when 
braised. 

The berries are collected before they are ripe, at which time 
the essential oil, to which they owe their pungency, is most 
abundant. They are spread out, exposed to the sun, and often 
turned. In about a week they have lost their green colour, and 
have acquired that reddish-brown tint which renders them 
marketable ; they are then packed in bags and casks for expor- 
tation. When dried, the berries are rather larger than a 
peppercorn. Some plantations kiln-dry them, which expedites 
the process very considerably. 

^ The consnmption of allspice in the United Kingdom is very 
great, as it is both cheap and useful ; but of the quantity 
imported every year into Great Britain, a considerable pro- 
portion is exported. This spice is used as a condiment, 
and its oil, like that of oloves, is employed as a remedy for 
toothaohe. 

Pepper (Piper nigrum, L . ; natural order, Piperaceasi ), — ^Thia 
is a climbing vine, with alternate, ovate, acuminate, dark-green 
leaves, five to seven-nerved beneath, and small inconspicuoua 
flowers, in long, slender, drooping spikes, which are opposite. 
Its fruit is a round, sessile, one-called berry, first green, thin 
red, and finally black. 
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Tlie pepper viiie is mdigenoue to the Eaet Indiei, and ie ex- 
tensively cultivated in Sumatra, Java, and on the Malabar 
coast. A little pepper is also grown in the Mauritius and in the 
West India islands. 

The berries, which resemble those of our holly in size and 
colour, are gathered as soon as they begin to redden ; for if 
allowed to ripen fully, they lose their pungency. Tl^y are 
dried in the sun, and they become wrinkled and black on the 
outside. In this state they are known as black pepper, which 
is the most powerful variety. 

White and black pepper are produced by the same plant. 
This difference in colour is only the result of a difference in the 
preparation of the berries. To obtain white pepper the berries 
are allowed to ripen, then dried and soaked in water, and the 
softened black outer coat is removed by rubbing. The internal 
seed is of a whitish-grey colour, and, when dried, forms white 
pepper. 

Pepper is a warm carminative stimulant, which is added to 
food principally for the object of correcting the flatulent and 
griping character of certain articles of diet — peas and beans, for 
instance. Both varieties of black and white pepper are some- 
times used whole in soups and pickles, but they are mostly 
ground in a mill, and soldT in the form of a powder. 

The quantity of pepper annually imported into the United 
Kingdom is immense. About 6,523 tons of the dried unripe 
black berries and white ripened seeds of the pepper plant 
reached this country from the East Indies in 1866. Now, how- 
ever, this great quantity has almost doubled ; for in 1886 there 
were imported not less than 12,591 tons. 

The pepper vine is strictly tropical, but it will grow freely j 
from cuttings wherever the soil and climate are suitable. It is ; 
allowed to climb props from ten to thirteen feet in height. 
These props root freely, the tree from which they are out being 
selected with that object in view. The props thus afford both 
shade and support to the plants. Great care is necessary in 
the management of the vine, especially in training and tying it 
to the props. An acre of pepper vines affords an average i 
annual yield of 1,161 lb. of clean pepper. j 

Long Peppkk (Piper Um^um^ L. j natural order ^ Fiperaeeae), 
— This species, which is wholly different from the black pepper, ; 
is found wild in India, and is cultivated in Bengal. The long • 
pepper consists of the fruit catkins of the plant diied in the 
sun. Long popper is expensive, and therefore not much used 
either as a condiment or a medicine. 

Cayenne Pepper (Capsicwn amntmm, L.; natural order, 
SoldnaceoB ). — Cayenne or red pepper is not th^" produce of a 
popper plant, but of one belonging to a totally different natural 
order. It is prepared from the large, rod, inflated, pod-like 
berries of the capsicum, dried and reduced to powder. 

The capsicum is a native of the East and West Indies, but 
cultivated in England, where it can be grown with a very little 
care. There are numerous species of oapsioum, named after 
the form and colour of the pod, which varies considerably. 
All are, however, included under the general Mexican name of 
** chillies.” 

In tropical countries chillies are used in great quantities, the 
consumption as a condiment being almost universal, and nearly 
equal to that of salt. In India they are the principal ingredients 
in all curries, and form the only seasoning which the millions 
of the poor of that country can obtain to eat with their insipid 
rice The natives of the tropics can eat and relish them raw, 
which cannot be done by strangers from temperate climates 
without suffering, the pungent and acrid action of the chillies ' 
affecting the mouth and throat. 

Capsicums or chillies are imported into this country in the 
form of red and brown pods, which are broken, dried, and 
packed in bales, weighing 2J owt., principally for making red 
pepper. Different varieties are cultivated for pickles, and ore 
imported in the pickled state in vinegar from the East Indies. 
The annual imports from the East and West Indies are from 80 
to 100 tons. 

Capsicums are useful in oases of putrid sore throat, in malig- 
nant scarlet fever as a powerful irritant to be applied in the 
condition of a saturated infusion externally, so as to draw the' 
internal inflammation to the surface, and thus relieve the throat. ] 

Ginger (Zingiber officinoXe^ Boscoe; natural order, Zingi~ 
heraoem), — ^This is an elegant, reed-like, tropical plant, which 
rises from a creeping rhizome or underground stem. The airial 


stem is formed by the cohering bases of the leaves, which are 
alternate, lanceolate, and sheathing, the nervnres diverging 
from the mid-ribs. The flower-stem springs from the rhizmns. 
The dark-purple flowers are arranged in spBces. 

The ginger-plant is a native of the East and West Indies, and 
is now cultivated generally in hot climates. The ginger of 
commerce is the dry, wrinkled rhizomes of the plantf which are 
called “ races,” and are usually from two to three inches in 
length, branched, flat, and white in colour. Sometimes the root 
is dug up when a year old, scalded to prevent germination, and 
then dried. So prepared, it is called ** black ginger,” although 
this term is very erroneous, as the darkest ginger is only a dirty 
stone colour. Again, the best* pieces are selected, the outer 
skin is scraped off before the ginger is dried, and the pieces, 
bleached with chloride of lime, constitute what is known in the 
market as ** white ginger/* This bleaching process renders the 
ginger beautifully smooth, but certainly does not improve its 
quality. Lastly, the races, newly form^ in spring, are out off, 
and boiled in syrup ; and the ginger, so treated, is imported in 
jars under the name of preserved ginger, forming a well-known 
sweetmeat. 

The varieties of ginger reoogrnised in commerce are the 
Jamaica white ginger, and the Jamaica and Malabar black 
gingers; also the bltusk varieties, or the Barbadoes, African, 
and East Indian gingers. Jamaica ginger is considered to be 
the best. The amount of ginger annually imported into the 
United Kingdom is about 4,000 tons. The principal use of this 
spice is as a condiment. Medicinally, it is an excellent sto- 
machic, removing flatulence and griping pains. When used in 
the form of a poultice, it forms a good rubefacient or counter- 
irritant. 

Vanilla (Vanilla aromatica^ Swammerdam ; natural order, 
Orehidaceae ). — The vanilla is an epiphyte, or air-plant, with a 
trailing stem, not unlike the common ivy, which attaches itself to 
trees not as a source of food, like the mistletoe and other parasites, 
but as a mere point of support, deriving its nourishment entirely 
from the atmosphere. It grows from eighteen to twenty feet in 
lengdih. The flowers ore greenish-yellow mixed with white, and 
these are followed by a long slender pod, the fragrance of which 
is owing to the presence of benzoic acid, crystals of which form 
upon the pod if left undisturbed. This is, perhaps, the most 
important g^nus of the whole orohidaoeous family, and the only 
one which possesses any marked economic value. It grows in 
the tropical parts of South America, in the Brazils, Peru, on the 
banks of the Orinoco, and in all places where heat, moisture, 
and shade prevail. 

The po^ or fruit of the vanillu. are sub-cylindrical, about 
eight inches long, one-celled, and pulpy within, filled through- 
out their entire length with very minute black oily seeds, 
having the appearance of a black paste. 

The following is a goo<l account of the method used in pre- 
paring vanilla for market — “ When about 12,000 of the pods 
are collected, they are strung like a garland by their lower 
ends, as near as possible to their foot-stalks ; the whole are 
plunged for an instant into boiling water to blanch them ; they 
are then hung up in the open air, and exposed to the sun for a 
few hours. Next day tliey are lightly smeared with oil, by 
means of a feather or the fingers, and surrounded with oiled 
cotton to prevent the valves from opening. As they become 
dry on inverting their upper end, they discharge a viscid liquor 
from it, and they are pressed several times with oiled fingers to 
promote its flow. The dry pods lose their appearance, grow 
brown, wrinkled, and soft, and shrink into one-fourth of their 
original size. In this state they are touched a second time 
with oil, but only very sparingly, because, if oiled too much, 
they would lose a groat deal of ^eir dehoious perfume. The5 
are then packed for the market in small bundles of 50 to 100 in 
each, enclosed in lead-foil or light metallic cases.”* 

As an aromatic, vanilla is much used by confectioners for 
flavouring ices and custards. The Spaniards employ it exten- 
sively in perfuming their chocolate. It is difficult to reduce 
it to small particles, but it may be sufficiently attenuated by 
cutting it into little bits, and grinding these along with sugar. 
The quantity imported into the United Kingdom is very sn^l, 

I but it is in incrensing demand. 

♦See Ure’s ” Dictionary of Arts and Manufactures,’* Vol. III., 
p. 974, 1887. 
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SEATS OF INDUSTRY.— IL 

SHEFFIELD. 

BT H. B. FOX BOUUNE. 

Sheffield^ smaller than Birmingham by about a third, is the 
second hardware town in England. It has an old as well as a 
modem history. A oaetle built on a held at the junotian of 
the little river Sheaf with the Don, was the centre of the old 
lordship of Hallamshire in feudal times, and here Cardinal 
Wolsey was imprisoned for eighteen days, and Mary Queen of 
Soots for the best part of fourteen years. Before that, how* 
ever, the village that had grown up round about began to 
follow the trade which, till very recently, has been the staple 
manufacture of the inhabitants. Chaucer speaks of “ Sheffield 
whittles,” and from an earlier day the rude knives so known, 
and other cutlery wares, were chiefly supplied to the Yorkshire 
districts by Sheffield, while Birmingham carried on a like trade 
with the midland counties. Neither town Qould then produce 
such delicate workmanship as some of the Continental factories. 
In the reign of Henry VIII. we read of knives of Almayne, 
knives of France, and knives of Collogne,” but only of 
whittles from Sheffield. The whittles gradually improved. A 
case of them was thought dainty enough to serve as a present 
from the Earl of Shrewsbury, lord of HaUamshire, to Queen 
Elizabeth. At that time there existed in Sheffield a corpo- 
ration of cutlers, which in 1624, by charter from James I., 
became the Cutlers* Company that still has famous influence 
in the town. But Sheffield was then small and poor. In 1615 
it had a population of 2,282, of whom, according to a con- 
temporary record, 100 were ** householders which relieve others, 
and though the best sort, are but poor artiflcers ;** 160 were 
householders ** not able to relieve others, such, though they beg 
not, as are not able to abide the storm of one fortnight’s sick- 
ness, but would be thereby driven to beggary 1,222 were 
** children and servants of the said householders, the greatest 
part of which are such as live on small wages, and are con- 
strained to work even to provide them nooessaries and the 
remaining 750 were ” all begging poor, not able to live without 
the charity of their neighbours.*^ The population was 9,625 in 
1736; 46,765 in 1801 ; 185,157 in 1861 ; 239,916 in 1871 ; and 
in 1881, 284,410. During the last two centuries it has nearly 
doubled in every twenty-five years, and the importance of the 
town hw grown in far greater proportion. Most of the persons 
now resident in it are concerned, directly or indirectly, in the 
production of every sort of cutlery, from pen-knives to sword- 
blades, or of tools, trinkets, cannon-balls, and armour-plates, 
and the thousand other varieties of hardware manufacture, 
some of them peculiar to Sheffield, and others in which Sheffield 
is a formidable rival of Birmingham. 

Steel is to Sheffield what brass is to Birmingham. Swedish 
iron comes into the town in vast supplies by way of Hull, 
^d is skilfully worked up with the help of the coal that 
is plentiful in the neighbourhood. By far the larger part 
of the steel made annually in England, which is about equal 
to the produce of all the rest of the world, comes from Shef- 
field and its outlying districts, along the shores of the Don, 
and with this trade is extensively carried on the kindred and 
older process of oast-iron manufacture. Both oast iron and 
steel are combinations of pure iron and carbon, the proportion 
of carbon in oast iron being four or five times as great as in 
steel. AH the efforts of old iron-workers were directed to the 
removal of every extraneous substance from the ore, so as to 
render it as ductile and malleable as possible. About 300 
years ago it was discovered that the presence of carbon, while 
rendering iron less fit for ordinary purposes, gave it some 
special advantages, and accordingly the ore was so treated as 
that four or five per cent, of carbon should be left in it. The 
treatment, however, caused manganese and other bodies to be 
also left in the metal, and the presence of these substances 
lessens the value of oast iron for aU deUoate uses. To produce 
a suitable metal for these uses, therefore, the iron was at first 
purified as thoroughly as it could be, and then a portion of the 
mrbon extracted from it was restored, the new metal being 
knovm as steel. 

Most of the various methods adopted for thus manufac- 
turing steel are pursued iu Sheffield. In the Cyclops Works of 
Messrs. Charles Cammell and Co., the most common process, 
that of cementation, is pursued. The purest malleable iron, 


generally brought from Sweden or Kussia, is broken into short 
bare, mixed up with powdered charcoal, and subjected to a 
uniform red heat for ten or eleven days, until a sufficient 
quantity of carbon is absorbed, and what, from its peculiar 
appearance, is called blister-steel is produced. Blister-steel is 
turned into oast steel by another melting and a slight hammer- 
ing, or into shear steel by hammering alone. Coarser varieties 
MO manofaotured by modifioations of this 'treatment, or by sub- 
jecting the oast steel to the ordinary puddling prooess until 
only iie requisite quantity, from one-hi^ to one per cent., of 
carbon is left in it. All these, however, are costly ; and were 
replaced by a method introduced by Sir H. Bessemer, whereby 
the crude metal, as it comes from the blast-furnace, was directly 
converted into steel. The secret of this method is the sudden 
application of intense heat, under a rapid current of air, to the 
rongh iron, whereby violent boiling and deoarbonisation are 
secured, and tolerably pure steel is turned out with remarkable 
ease and speed. The prooess, invented in 1865, has been sup* 
plemented by the disooveries of Siemens and others. Not only 
is the manufacture of steel rendered much cheaper by these 
improvements, but it can also be produced in larger masses 
than there were facilities for previously, and thus the metal 
con be applied to new and valuable u^s. 

One of these uses, due to Sir Henry Bessemer’s fertile 
invention, is the manufacture of steel cannon-balls. **To 
facilitate this manufacture,** says Mr. Fairbairn, ** Mr. Besse- 
mer designed a rolling-mill, now in use at his works in 
Sheffield, in which lumps of steel are fashioned into spherical 
balls, from 68 to 300 pounds eaoh in weight, with the greatest 
rapidity, and with a degree of accuracy never attained in cast- 
iron shot. The mass to be acted upon is out from a solid 
cylinder. The angles of the oylindrioal lump are then reduced 
by pressure between ourved surfaces. In this approximate 
form they are put, at a bright red heat, into the rolling-mill, 
which consists simply of a revolving table, in which an annulai 
channel is formed. The channel being in section part of a 
cirole of the diameter of the intended shot, a similarly grooved 
table is fixed above it. The axis of the lower one may be 
moved end-wise by a hydraulio ram, there being a recess 
formed in the ram to receive the end of the axis. When a 
mEbss of steel is put into this annular channel, and the table set 
in motion by powerful gearing, the hydraulic ram is made to act 
on the lower end of the axis, and compress the revolving mass 
between the grooved surfaces. The lump of steel in its passage 
round the central shaft also revolves on its own axis, which 
constantly varies in position, and thns ensures the most per- 
fectly spherical form. To prevent the scale of the metal from 
roughening its surface, a jet of water passing down tiie hollow 
axis is projected again^ the shot as it revolves, and causes the 
scale to be thrown off as quickly as it is formed, while a blast 
of air passing down another passage in the axis blows all these 
detached scales out of the annular channel. Three balls are 
best acted upofi at one time, so that in three or four minutes 
this simple apparatus is capable of producing three large 
spheres, more aoourate in size and form than a workman with a 
slide-lathe could produce in as many days.’* That “simple 
apparatus ” will serve as a specimen of the numberless methods 
by which mechanical skill is made to supersede, or rather to 
economise, hand labour in Sheffield, as in all other manufac- 
turing towns. 

A more important illustration of the way in which warlike 
needs are served in Sheffield, to the great enrichment of the 
town, is furnished by its manufacture of armour-plates. Iron 
ships have already virtuaJly superseded the more graceful 
wooden men-of-war for purposes of naval fighting; but theii 
adoption was long delayed by the peculiar dangers arising from 
the effects of shot upon ordinary iron steamers. The innovatioD 
was opposed by the English Admiralty in 1834 and subsequent 
years, until 1855, when the Emperor Napoleon caused thick iron 
plates to be constructed for easing the sides of his iron war- 
ships, and their successful use in the Crimean war brought 
iron-olads into faediion. The Sheffield manufacturers quickly 
set themselves to supply the new commodity. Messrs. John 
Brown and Co., who sta^d their huge Atlas Works in 1867, 
began the enterprise in 1860. They oonsrimoted immense rolling- 
mills adapted for the production of armour-plates, some of them 
twelve inches thick, nineteen feet long, and four feet wide, and 
weighing twenty tons. Their example was soon followed by 
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Messrs. Oammell and Co. at their Cyclops Works, and thus iho 
two largest establishments in Sheffield find a oonsiderable pai t 
of their bnsiness in providing the munitions of war. 

Armour-plates, however, are only special items in the multi- 
tudinous productions of these groat hardware factories. Other 
factories have their own specialities ; among the most notable 
being the steel cannon-balls of Messrs. Thomas Firth and Sons, 
who follow in Bessemer’s lead, using their own homogeneous 
steel in lieu of the Bessemer steel ; ^e saws of Messrs. Spear 
and Jackson, manufactured at their .^fcna Works; and the 
oast-steel bells of Messrs. Naylor, Vickers, and Co. Making 
bells weighing 2,000 or more pounds apiece, the last-named firm 
has proved that steel is for this purpose as serviceable as bronze, 
and nearly two-thirds cheaper. 

These new manufactures have partly ousted knife-making 
from its old place as the staple trade of Sheffield ; but Sheffield 
is still the great haunt of cutlers, some 1,500 employers having 
here their workshops, besides al^ut 250 makers of files, while 
the makers of edged tools number about 150, the saw-makers 
as many, the makers of hammers about 60, and the engineers* 
tool-makers about 100. These associated trades provide occu- 
pation, for a large part of the community, and in them all the 
appliances of modem science and art are brought to bear. 
Each one of the millions of pen-knives manufactured every year 
in Sheffield, and sent for sale to all quarters of the world, goes 
through ten or a dozen hands. One man forges the blade; 
another roughly grinds it ; a third softens the metal and affixes 
the trade-mark of the maker ; a fourth hardens and tempers it ; 
a fifth grinds it over again until a fine edge is produced ; a sixth 
fastens it to the handle, which has been prepared by a separate 
train of workpeople, from wood, horn, ivory, mother-of-pearl, or 
any of the other substances employed. In file-making and all 
the other trades of the town there is a like subdivision of labour. 

Wire manufacture is another important trade of Sheffield,* 
some wire, for watchmakers* use, being so fine that a hundred 
miles’ length of it would hardly weigh a pound. When steel 
wire was in fashion for ladies’ crinolines, Sheffield produced 
tons of it in a year. 

The trade in which Sheffield competes most directly with 
Birmingham is that concerned in the manufacture of plated 
goods. This trade was bora in the Yorkshire town. In 1742 
one Thomas Bolsover was employed to repair the handle of a 
knife made partly of silver and partly of copper, - It occurred 
to him that, by placing a thin coat of silver over a thick base of 
copper, and rolling them together at a high temperature, they 
might be welded into one mass, and a marketable commodity 
produced. He experimented successfully, and soon drove a 
thriving trade in plated snuff-boxes, buttons, and the like. 
Matthew Boulton adopted the device in Birmingham, and before 
long both towns wore busy with silver-plating and gold-plating. 
The electro-plating process, begun at Birmingham a century 
later, was soon copied in Sheffield, and thus each town has 
helped the other to a new source of wealth. The kindred trade 
in Britannia metal — an amalgamation of tin, regulua of anti- 
mony, copper, and brass — was started in 1770 by two Sheffield 
workmen named Jessop and Hancock, and now gives employ- 
ment to one large house and many smaller ones. 

Rivalling Birmingham in the general character of its em- 
ployments, and especially in some of their details, Sheffield 
differs widely from it in one important respect. The War- 
wickshire hardware town is a model of freedom from restraint 
among workpeople, and of harmony between them and their 
masters. The Yorkshire hardware town, on the other hand, 
has furnished examples of the evils that result from the 
antagonism between capital and labour — an antagonism that 
leads to strikes and trade-outrages. The sooial condition 
of the workpeople, who are generally paid highly for the skilled 
labour of which they are masters, is'- ifavourable ; and there is 
now no counterpart to the state of things which, as we have 
seen, prevailed in the town 270 years ago, when one-third of 
the ii^abitants were “begging poor,” and most of the rest 
were “constrained to work even to provide them neoes- 
saries.*’ There are signs of wealth in the cottages as well as 
in the mansions ; bnt the very prosperity of the labourers has 
begotten an evil Jealous of all rivalry, they strive, by every 
means in their power, to maintain their advantage over the 
majority of English workpeople. The result is perhaps on the 
whole regrettable ; for a class spirit is thus fostered, and though ' 
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moat of the members as individuals may be free from this 
spirit, it nevertheless interferes with the healthy development 
of industry. 

APPLIED MECHANICS.— II. 

BT sm robbut stawell ball, ll.i>., abtronomsb-botal irpa zbxlavd. 
THE PULLEY. 


Bbfoue oommenoing this lesson the student should make him- 
self familiar with what has been said on the subject of Pulleys 
in the lessons on “ Mechanics ” in the Popula.ii Educator. 
It will also be necessary to fully understand what is in Lesson 
XIII* called the “ golden rule of Mechanics.’* This law may be 
thus stated : — 

In any mechanical system tiui distance through which the 
power moves multiplied by its magnitude is to the 

d/istance through which the resistance moves multiplied by its 
magnitude. 

This rule must be thoroughly grasped before any real advance 
can be made in the practical side of the subject which wo now 
approach. It is often oalled the “law of virtual velocities,*’ 
and we shall use this name, Lnoogn m 
reality virtual velocities means a gene- 
ral and profound truth in Mechanics, 
of which the golden rule is only a par- 
ticular case. We shall also use 
term velocity ratio; this may be de- 
fined as the proportion of the distance 
though which the power moves in a 
given time to the distance over wliich 
the load is moved in the same time. It 
would follow then, from the principle 
of virtual velocities, that the mechanical ^ ** J 
efficiency of a machine is to be expressed 
by its velocity ratio. This is the usual 
supposition, and by it various problems in pulleys are solved 
in Lesson XI V^. But when we turn to practice, wo find that 
the mechanical efficiency of a pulley is very much less than its 
velocity ratio. This is because friction has stepped in and 
robbed us of our force. No matter how woU made be tlie 
axles and their bearings, no matter how oarefnlly they be oiled, 
there is invariably loss of power produced by friction. The 
student will do well to read the aooonnt of friction given in 
Lesson XVI. It is the presence of this force which impera- 
1 tively demands that to study the mechanical powers we must 
first resort to experiment, and then theory will aid us in making 
our experiments, and afterwards discussing them. We shall 
find that friction, which at first sight seems embarrassing, and 
destructive of whatever is symmetrical or elegant in the treat- 
I ment of the problem, does not really prove so : on the contrary, 
i it leads, when properly studied, to truths of a beauty and pro- 
I fundity beyond any we can attain by theoretical studies ot tha 
meohemioal powers which do not recognise its presence. 

EXPBBIHENTS ON LABOE AND SMALL PULLETS. 

We shall commence our experiments upon a single pulley, 
which is merely used for the purpose of chang^g the direction 
of a force. This can only be done at a little ^ 
sacrifice of power, whatever bo the size of the 
pulley; but the loss is greater with a small 
pulley than a large one. We can study the sub- 
ject by the apparatus of Fig. 1 . This represents 
an horizontal axle around which the piece A b • 
is capable of turning quite freely. A B is ap- ‘ 
parently composed of two pulleys fastened toge- 
ther; it is in reality one piece, one of these 
sheaves being 4*7 times the size of the other. 

We may place the tope on either the larger B 
groove or the smaller groove, os is shown in Fig. 2. 
i Fig. 2. We shall first describe the mode of 
I experimenting with the larger groove, and the same process is 
j to bo afterwards carried out with reference to the sin^ler 
' groove. A rope being placed on the pnlloy, let a weight, 
1 B, bo hung at one end. If then an equal weight, p, were placed 
I on the other side, the two would balance. Now, if the ] 
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had no friction, we ehonld find that the slightest addition ' 
made to either of the weights would cause it to descend and j 
raise up the other ; but on account of friction, a very appre* 
ciable Edition must be made to one of the weights Irafore it 
does this. We shiUl give the details of one experiment, in which 
a piece of flexible r<^e was used, which carried a hook fastened 
to eacjh end, the hooks having equal weights. A weight of 141b. 
was then placed on each of the hooks. We have now a number 
of pieces of wire, each of which weighs exactly 0*1 lb. We odd 
one of them to P, but there is still equilibrium, 0*1 lb. not 
being suffioient to overcome the friction; another and another 
is added, till' we find that when p has received 0*4 lb. it begins 
slowly to descend; the friction is then conquered, and it is 
measured by 0*4 lb. Let us now remove the stone weights from 
the two hooks, and attach to them weights of 50 lb. each. We 
find that 0*4 lb., which was sufficient to overcome the friction 
before, is not now enough ; 1*2 lb. must be added to the weight 
p before it descends and raises fi. This experiment teaches us 
that the friction of a pulley about its axle increases with the 
weights that the pulley is lifting : here the weights are increased 
fourfold, and the friction has increased threefold. Speaking 
very roughly, we may often take the friction as proportional to 
the load raised. This rule gives rather too high a value for 
large weights, and too low for small weights, but it may be 
taken as sufficiently correct for ordinary purposes. 

Let us remove the rope from the large groove, and place 
it on the small groove, adding 141b. to each of the hooks. 
The condition of things is so far the same as in the first of the 
two cases already described, that the two grooves turn as one 
piece upon the same axle ; if, therefore, we find any difPerence 
in the amount of friction, it is to bo attributed solely to the 
difference in the size of the two grooves. We load p as before, but 
we find before it descends we must add to it 3*6 lb. ; this, then, is 
the measure of the friction. It is nine times as large as it was 
when we used the larger pulley. This difference is not to be 
attributed to friction only ; the rope opposes more resistance 
to being bent around the small pulley than it does about the 
largo pulley, and this resistance and the friction account for 
the loss. 

It will be easy, by examining Fig. 2, to see that friction must 
have a greater effect on the small pulley than on the large pulley. 
The friction is at the circumference of the axle, and always acts 
to oppose the motion. Supposing f bo acting to raise b, p acts 
at an arm o b, while the friction acts at the arm o c; the 
leverage of p, therefore, in overcoming the friction is greater than 
that of X in the proportion of the lengths o a and o b ; hence 
the friction should be 4*7 times larger in the small pulley, 
that is, ^ j^.gg approximately. 

The difference between this amount and that which was 


P - A BR, 

where A and B are numerical constants whose values must be 
determined by experiment. The form of this expression should 
be noticed iSiotion is not strictly proportional to the i)res- 
sure. It is found that the friction is best represented by two 
terms : one, B b, which bears a certain ratio to the load ; the 
other a constant quantity. A, which is generally small, a also 
implicitly contains the amount of power recessary to raise the 
actual weight of the lower block ; so that » means only the 
actual number of pounds attached to the hook. We can easily 
conceive how A and B can be determined. 

Suppose we hang a load, Rj to the load-hook, and find that a 
power, Pj, is necessary to raise it, wo have, by the formula— 

* A + BB,. 

If now we take another load, B,, and find the power to raise it 
be P„ we have— P, = A + BB,. 

There are thus two equations between the two unknowns, A 
and B. From these two equations the values of a and b can 
be determined by the well-known process which is described in 
Lessons in Algebra. It will then be found that if any other 
load, Rs, be raised, the power necessary to lift it will be 
A BB., 

thus verifying the formula. Actual values of A and b for one 
system of pulleys will presently be given. They are found by 
taking the mean of several different experiments. The principle 
is essentially the same ns hero explained, but is a little more 
accurate. It need not be dwelt on further, as the process is 
somewhat difficult, and requires considerable calculation. 

Lot us now deduce from this formula the mechanical effi- 
ciency of the machine. This is to be obtained by dividing B by 
A -f B B. We have for quotient — 

R 

A + BB~ R . A* 

B+g 

When R is considerable, ^ is very small, and therefore the me* 
** 1 

chanioal efficiency is represented by g very nearly. 

It will also be useful to ascertain the quantity of energy or 
work which is usefully employed, and therefore, of course, the 
quantity which is wasted in overcoming friction. In order to 
raise R pounds one foot, p must be exerted over n feet, hence 
n p units of work must be expended to do r units of work ; but 
n P = n A + nBE j 

and out of this quantity only R is employed, hence the per- 
centage is 


observed. 


3*0 - 1*0 17 lb., 


100 B 


expresses the power that is expended in overcoming the other 
source of loss, viz., the rigidity of the rope. 

The practical conclusion to bo derived from these conaidora- 
tions is this : always use pulleys as large as possible. In coal- 
pits the cage containing trucks of coal is raused to the surface 
by a wire rope ; this generally passes over a large pulley, and 
from thence to the engine-house. The pulley is largo, botii for 
the purpose of avoiding friotion, and also to avoid bending the 
rope too quickly, a process that not only entails loss of power, 
but also injures the rope. By having a large pulley for the 
rope to pass over, sudden flexure is not required. The pulleys 
used in coal-mining are from six or eight feet in diameter up to 
nearly double this size. 

THEORT OP THE PULLEY-BLOCK, INCLUDING PRICTION. 

Let n be the virtual velocity of a pulley-block, or, indeed, of 
any other mechanical power, for the investigation now given 
applies to aU xnaohines. 

Let B be the load to be raised, p the ipower which raises it. 

If there were no friotion, wo should have 
P«4B; 

but the presence of friotion prevents this equation being true. 
The power required is always greater than the value given 
by it. 

It is found that the power should be expressed by a formula 
of this kind — 


n(A + BE) 

100 

If R be very large, ~ is small, and may be neglected; and wn 

find the per-oentage of work utilised to be 
100 
nB’ 


TECHNICAL DRAWING.— VI. 

DBAWING FOB CABPENTEBS— COFFEB-DAMS (oontinued). 

Fig. 31 is the section of a much stronger ooffer-dam, which is 
so conatruoted as to preserve its firmness throughout its entire 
height. This consists of three rows of piles, ah e s the two 
nearest the water, a and 6, being of the fuU height of the ooffer- 
dam, and the third, c, being half the height. These piles are 
placed at certain distances apart, and are united at the top 
and at a point just below the middle by cross-timberB, d>, <2^ 
placed horizontally on each side of the piles, and attached by 
being notched on to the piles; an iron bolt passing through 
all three timbers. The outer row of piles is oonneoted in a 
similar manner by the cross-pieces, c, which are on a level with 
the railg, d* and d*. Besting on these, timbers, /, are laid aoross 
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^ pulfg — ^fihat is, on eaoli Bide of the piles, so that ea^ pair 
grasps the pUeB, and also the stmt, between them ; bolts 
^htened up by means of nuts passing through all three. The 
transverse pieces at the top of the long piles rest on the longi- 
tudincJ joists, and are in this example shown notched down 
upon them, for the purpose already explained in the previous 
study. 

The student must now be reminded that up to this stage 
the construction is a mere skeleton, the piles being six or eight 
feet apart. This space is filled in by s/ieet-piling— that is, piles 
placed in a sheet or wall. These are narrower than the true 
piles, and are driven down between the longitudinal cross- 
pieces or walls, so M to render the whole construction com- 
plete. 

This hollow wall is now. to be filled in with clay, puddle, j 
etc., and the water having been pumped out of the site en- 
closed by the coffer-dam, the ground must be dredged, and, if 
required, a bed of hdton* must be laid down on which to erect 
the intended pier or other structure. 

The follovring practical hints by Mr. Dobson are quoted for 
the instruction of the student ; — “ Leakage between the puddle 
and the surface of the ground will generally take place unless 
all the loose, soft, or porous surface-soil be carefully removed 
by dredging before the puddle is put in. This dredging may 
be done before or after the piles have been driven. Leakage 
through the puddle-waU itself may arise from various causes, 
but may generally be prevented by careful work, and selection 
of good materials. In the first place, the piles should all be 
fitted to each other before driving, and should bo truly and 
carefully driven: next, the framing and strutting should be 
sufficiently strong to prevent any straining or movement under j 
the varying pressure to which the dam may bo exposed by i 
alternations in the height of the water ; and lastly, the material 
u.sed for the puddle should be such as will settie down into 
a solid mass, and should be carefully punned in thin layers so 
as to socuro that no vacuities are left in any part. For this 
reason it is desirable, when the piles have been driven between 
the double wallings, to remove the inside walls after the piles 
are home, as any projections of this kind increase the difficulty 
of punning the puddle. In order to resist the evil effects which 
might arise from the swelling of the puddle, the inner and outer 
rows of piles are usually connected with iron bolts passing 
through the piles, and secured by nuts, with iron plates and 
large wooden washers to prevent the former from being drawn 
into the piles by extreme pressure. These tie-bolts ore often 
found to be very troublesome sources of leakage, as the water 
soaks in round the bolt-holes, and it is difficult to keep the 
puddle from settling away from the bolts, and leaving a channel 
for the passage of water through the dam.” 

With this information as to the construction of the coffer- 
dam, the student will not, it is presumed, require any instruc- 
tions as to copying the • example ; and he will, as has been 
already mentioned, do well to draw Ike various parts in precisely 
the same order in which they have been mentioned in the 
description. 

WOODEN BBIDOES. 

Wooden bridges may be looked upon as the origin of all other 
constructions for crossing water or roads, whether of stone or 
iron ; for it seems natur^ to suppose that in the earliest times 
the simple method of throwing a plank across a stream may 
have been adopted — ^in fact, the falling in that position of a 
tree on the bank would have suggested such an expedient. 

A plank placed across from one bank of a stream to the other 
is, then, the most elementary form of a timber bridge ; it is at 
the same time the most perfect, and the principle on which it is 
suspended, or kept in its proper position, is worthy of con- 
sideration. “For,” says Mr. Peter Nicholson, “we may learn 
how to construct the best and most advantageous kind of 
bridge suitable for immense spans from this unpretending 
and apparently unpremeditated contrivance.” 

"When a strong plank is thus laid upon two supports, that 
part of it which lies midway between them has to sustain its 
own weight, and that of anything crossing over it, by the co- 
hesion between its particles — ^that is, by tiie power with which 

kind of QOBorete, which, owing to its compoBition, has 
the property of haidaniag under water. (See “Leasons on Building 
Construction.**) 


the atoms or fibres of which it is built up, oling together ; for 
as that part of the plank has nothing to rest upon, it will be 
olear that it will have a tendency to break somewhere between 
the supports when the strain upon it exceeds its strength. 

But owing to the cohesion of the particles, which attracts 
them one to another, suoh a plank cannot snap atmtidor with 
absolute suddenness, because the colls of which timber is formed 
are lengthened out into fibres or hollow threads, an(f these are 
BO interwoven one with another that one particle or atom of 
the material will not readily be separated from its fellow as 
long as such ma6erial remains in a sound state. This being 
the case, the weight upon the beam will oanse it to bend, or 
what is technically termed “ to sag,”* and it is to prevent such 
bending extending beyond a safe amount of elasticity that the 
efforts of the oonstrnotor of wooden bridges are mainly 
directed. 

Absolute construction does not oome within the province of 
those lessons, but, as already stated, the better acquainted a 
man is with the principles involved in what he is doing, the 
better will he do his work, and certainly the more interest will 
he take in it ; and therefore, althongh^nothing like a scientific 
treatise would be in oharaoter with the object in view, it is 
hoped that the following notes on wooden bridges, their his- 
tory, and peculiarities of oonstruotion, may be of interest to 
those who are now, or who may at any time become, engaged 
in such works. 

It will be easily understood that when a plank is laid across 
from wall to wall, and a weight is placed on any part of it, it 
bends, because the particles of which it is formed are pressed 
close together on the upper side, whilst on the under side they 
are drawn out. If across a plank so placed you had previously 
drawn lines exactly corresponding with each other, you would 
find that when a weight is placed on the plank the lines on 
i the lower will be further apart than those on the upper surface. 
Thus you will understand that two forces are acting on the 
beam at the same moment, for the upper portion is subjected 
to a eomiyressing force, whilst a tensile or stretching force is 
acting upon the lower side. 

It is the strength with which these two forces counteract 
each ocher that constitutes . the rigidity of timber, and it will 
be evident that there must be some intermediate plane between 
the upper and lower surfaces of the beam in which the two 
opposite contending foroes will meet, in which, of course, 
neither will preponderate. This is denominated the neutral 
plcmcy and w^ be differently situated aocording to the thickness 
of the beam, and the power of cohesion whioh is possessed by 
the fibres of the various kinds of timber. 

In looking back to the early history of wooden bridges, we 
shall find that where rivers were broad and their channels 
deep, it would be impossible to oross them by single beams of 
I timber. In suoh oases a timber framing or scaffolding would 
I be formed in the bod of the river by driving piles, or a pier 
might be formed of stones or other materials. On those, beams 
of timber would be placed with one extremity resting upon the 
pier, and the other on the bank of the river, or on an abutment 
raisjed at the water’s edge, and upon several piers in the water, 
as the ease might bo. 

Whore the distances between the supports were too great for 
the dimensions of the timber forming the roadway, tlxe main 
beams were propped up by struts projecting from the sides of 
the piers or piles, whioh were sometimes made to meet in the 
oentre ; or if that was not practicable, on account of the dis- 
tance between the supports, they OQuld each be made to sustain 
the beam, either by running directly to it from the abutment 
at about an angle of 45^, or a cross-piece, on whioh their 
ends should abut, could be placed between them and fastened 
to the under side of the beam. These struts or stays were then 
multiplied and disposed in various ways, until at length a rib 
or aroh of timber was formed to support the roadway, while 
the spandrels t were filled up with struts and ties to resist 
oompression. 

* Sag.— To yield or Rive way (Saxon, #igan, to foil). 

f Spnndrd.^The irregular triangular space bounded on one side by 
the curve of the arch, on the second by the vertioiU, and on tbe top 
by the horizontal lines forming the eides of tbe angular space bs 
which an arch is contained. In architeoture this space is often filled 
with eculptnred foliage, figures, &o. 
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The ribs of bridgres oonstruoted in this manner were com- 
posed of framofl, the lower portion of whioh form segments of 
ciroles, frequently made up of seyeral pieoes of wood placed 
immediately orer each other and joggled together, so arranged 
however, that their ends should break joint. To these circular 
area, or polygonal frames, upright pieces were attached, either 
by bolts, mortises, or iron straps, by which the weight of beams 
3upi>orting the roadway was sustained at intervals, and so die* 
posed as that each part might, as far as possible, conduce to 
the strengrth of the whole. 


upon piers, each formed of thirteen piles arranged in a single 
row, running parallel with the banks of the river. On the top 
of these piles a aiH was framed, and longitudinal timbers were 
made to bear over ihe head of each pile, and upon these toe 
flooring of the bridge was laid. 

The bridge of Grenelle, over toe Seine near Paris, built by 
M. Mallet, oonsiats of two equal and symmetrical bridges, 
separated by an intermediate piece of dry ground ; each of these 
is formed of three timber bays of eitoiy-two feet span, sv/p- 
ported upon two ahitments and two pi&rs of maeonry. The 


Tho following historical notes as to timber brid^ are given width of this bridge is nearly thirty-three feet. The ground 
in order that the student may glean some intelUgence as to in toe centre measuring eighty-five feet, the whole bndgpe, 
what has been done — too best possible gniidance as to what reckoning the entire distance from the abutments on either 


m 


ma/y he done. The extensive use of iron in tubular, girder, 

and Busponsion bridges, has in modem times superseded, 

in a great degree, the use of wood, but not entiely so ; 

and as the principles are applicable to so many other 

timber constructions, no 

apology will be necessary 

for describing some of 

them, especially as th<^ 

oonslitute, both in their 

complete form and in 

their details, such excel- 

lent studies in drawing f W 

for all those engaged in | W 

wood-work. ^ 

The“Pon8 Sublioins ” 

was the first bridge ever || 1 

built across the Tiber. It I I 

was at first constructed of , • • ■■'■"r 

tober ia the reip of 1. 

Ancus Marhus. It was 

pat together without either 

bolts or ties, so that it : 

oould readily be taken ~- ?r:rr=rd| | 

asunder, and was built 

for the purpose of ||| 

oonneoting together the W 

Aventine and Janioulum i^Hi 

The bridge over . the =====rtr:^ ] 

Danube, by Trajan, is ^1 

almost one of the oldest M 

timber bridges of which | |y| 

we have a detailed ac- |||||||||||||n|||^^njB 

count. 

It was supported on j|| 

twenty stone piers, which 

were 150 feet high and six |y|jl 

feet broad. On these were 

framed timber arches 

each 170 feet span, and 

formed of three concentric 

timber rings bound to- 

gether by radiating pend- ~ 

ants. These, together with 

the arches, supported the longitudinal beams on which the 
flooring joists were placed across the bridge. 

The timber bridge of Sohaffhausen, built over the Bhine by 
XTlriok Qrubenmann, was remarkable for its ingenious con- 
stmotion. It consisted of two openings, one of 170 foot span. 




side of the Seine, is 632 feet long. All the foundations were 
built on piles, upon which a planktog was laid. 

These ^foundations were formed by means of coffer-dams, 
which at low water were not more than five feet deep. A 

bridge similar to this was 
built over the Seine at 
^ Ivry in 1828. 

Besides those, which are 
merely mentioned as well- 
known specimens, there is 
an almost endless number 
L Fig. 81. of wooden bridges erected 

throughout the world, 
amongst which may be 
named that at Trenton, in 
America, of 180 feet span ; 
a bridge over the Tees, 150 
feet span ; th^ bridge of 

construd^ ‘ an ^ immens^ 

sider drawing as a mental 
as well as a mantial 
exercise, I ask their attention to the following principles of 
construction. 

Timber bridges are either supported upon piers and abut- 
ments of masonry, built on the solid foundation of the ground, 
or on a platform oonstruoted upon piles driven into the earth. 


and the other about 190. Its abutments and centre pier were or they are supported upon piers formed upon one or more rows 
of stone. On those were laid a kind of compound beam formed of piles driven in a line with the road or river passing under 


of three rails or walings, each of which consisted of two longi- 
tudinal beams bolted together and toothed into each other so 
as to be perfectly united ; those were supported by an infinity 
of stmts, kept in their places by vertical binding pieoes, all 
tendmy to irantfer the tlvrust to the supports of the bridge. It 
was roofed in for toe ostensible purpose of protecting the 
timbor, but there can be no doubt that the roof added greatly 
to its strength. This bridge (which was demolished in the year 
1800)^ and others designed by the brothers (Irubenmann, were, 
in ftot, timber tubular bridge. 

The timber bridge of St. Clair, over the Rhone at Lyons, has 
seventeen openings, the centre one having a span of for^-five 
feet, and the others diminishing towar£i each bank. This 
brid^ has a roadway of about thbty-six feet, which is supported 


the bridge. There is almost an infinite variety of ways in 
which such props or piers may bo made. It is, however, usual 
to drive toe piles about a yard apart, from centm to centre, and 
to bolt capping-pieces or walings to the top of such piles, and 
either filling up the spaces between with large stones laid dry 
or else grouted with mortar. On this the masonry for toe sup- 
ports should be placed, or a timber framing, if desired, or else 
the piles may be carried up to the height of toe roadway, being 
kept in their places by walings and diagonal pieces, bolted on 
each side of them. These piles should be about a foot square, 
and when they are driven in salt water or in tidal rivers 
their surfaces, up to high-water mark, should be sheathed 
with copper, or otherwise protected frinn toe ravages of the 
worm. 
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[ t6 oonrenietioe' ot th« ohoraoW of the building. The followiiig 
is friven on the snthoxity of Mr. Peter JNiohblson t — 

Walls are most oominonly bnilt with an aidibur Ibdng, and 
backed with brick or nibble' work. Brick backings sre ioommon 
in London, where bricks are cheaper; and st<mh backing Ih 
the north of England and Scotland, ti^ere stone is plentifoL 

, ^ Walls faced with ashlar and backed with brick os nhoonrsed 

Now, aswa^ are built ei^er of stones or Mck, wo think it rubble are liable to become oonrex on the outside, from the 
adrisalde to glto the principles co^eoted with the laying of grreater number of joints and from the greater quantity of 
both riiese maiteriala'before proceeding with the subject of tiiie mortar placed in each joint, as the shrinking of the mortar will 
foundations in which they are to be employed ? otherwise be in proportion to the qafuartity ; and thei^ore a wall of 


VOVNJyATlOUfB, 

It will be remembered that the term fowidation refers not 
only te riie surface or bed on which a building stands, hut to 
the manner in which the lower portions of the walls are con- 





Fig. 6. 




Fig. 7. 


sereral of the teems used might 
not be understood by the be- 
ginner. 

MASONRY.-^FAJtT I. 

Stonemasons riass the methods 
of building walls into (1) /ttbble 
work and (2) aahlar work. 

Bubble work is either imcowrsed 
or cov/rsed. 

In wncovrsed rubible (Fig. 6), 
stones of any size and shape are 
used without any reference to 
thoir heights. The workman 
merely . uses a tod, called the 
acabling hamwner^ to chip off any 
X>ortion which may be unsightly 
or project from the general sur- 
face of the wall; an intelligent 
mason is, however, careful so to 
dispose his variouriy • shaped 
stones that they may fit into each 
other, packing in every interstice 
with smaller stones, filling in 
every crevice with mortar, and 
using his plumb-rule to keep his 
wall perpendicular. It must be 
borne in mind that the wall is to 
bo composed of stone, which is 
compact, and mortar, which is 
yielding ; and therefore the more 
stone, and the less mortar put in, 
the letter. As the mortar will 
continue to shrink until it is dry 
and hard, it will be easily under* 
stood that a thick bed of soft 
material will neoessarily allow of 
a greater settlement at the part 
where it exists than in any other ; 
nor should any stone be placed so 
as to rest on one part which may 
projeot more than another, and 
be bedded up with mortar, whioh 
would, of course, cause unequal 
settlement when other stones are 
placed upon it. It wiU thus be 
seen that even in the simplest 
operation there is a scope for in- 
telligent application of thought, 
and necessity for knowledge of 
principles. 

In cowrsed ruhUe (Kg. 7), the workman roughly dresses 
the stones before he begins to lay them. He is careful to get 
good beds to them, that is, to get the under and upper surfaces 
of the stones perfectly parallel ; he also gets the front of them 
at right angles to beds, and tolerably level. The wall 
is built in courses, wbioh are kept of one height all along in 
each, al&ough the different oourses need not be equally high, 
nor need the separate stones of wMoh a course may be composed 
neoessudlj be equal, but some may be laid on others to make up 
the height. The stones at the comers are called ** quoins,*’ and 
are always laid with care, as they serve as gauges by which the 
height of the course is regulated, fke workman fusing the line 
and level to guide him. 

A$hlw work (Fig. 8) is a sort of facing to a wall built 
either by one of the othw methods or of bricks. Ashlar stones, 
or Mhlsir8,,as toey are usually called, are neatly squared and 
tooled oikjtbsir suriaoe^ and art made of varions sises aooordisg 
* 7— K.K. 
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Fig, a. 


description is much inferior to 
one of which the facing and 
backing are of the same kind, and 
built with equal care, even though 
both sides were unooursed rubble, 
whioh is the worst of all walHng. 
Whero the outside of a wall is of 
ashlar facing, and the inside 
coursed rabble, the courses of the 
backing should be as high as 
possible, and sot in thin b^s of 
mortar. In Scotland, where stone 
abounds, and where perhaps as 
good ashlar facings are oon- 
struoted as any in <^eat Britain, 
the backing of the walls most 
commonly consists of nnconrsed 
rubble, bnilt with very little care. 

In the north of England, whore 
the ashlar facings ^ walls are 
done with less neatness, they are 
much more particular in the 
coursing of their baokii^. 
Coursed rubble and backings are 
favourable to the insertion of 
bond timbers ; but in good 
masonry wooden bonds should 
never be in continuod lengths, aS 
ini case of fire or rot the wood 
will perish, and the masonry, 
being reduced by the breadik of 
the timbers, will be liable to bend 
at the place where it was inserted. 
When it is necessary to have wall 
timber, for the fastening of bat- 
tens for lath and plaster, the 
pieces of timber ought to be built 
with the fibres of the wood per- 
pendicular to the surface of the 
wall, or otherwise in unconneoted 
short pieces not exceeding nine 
inches in length. 

In an ashlar facing the stones 
grenerally run from twenty-eight 
to thirty inches in length, twelve 
inches in height, and eight or 
nine inches in thickness. Al- 
though both the upper and lower 
beds of an ashlar, as well as the 
vertical joints, should be at right 
angles to the face of the stone, and the faoe-bed and ver- 
tic^ joints at right angles to the beds, in an ariilar facing, 
where the stones run nearly of the same thiokness, it is of 
some advantage in respect of bond that the back of the stone 
should be inclined to the face, and that all the backs thus in- 
clined should run in the same direction, as this gives a small 
degree of lap in the setting of the next oourse ; whereas, if the 
backs were parallel to the fronts, there could bo no lap where 
the stones run of an even length in the thiokness of Ike walL 
It is of some advantage, likewise, to select the stones so that a 
thicker and a thinner one may follow each other alternately. 
The disposition of the stones in the next superior oourse should 
follow the same order as in the inferior oonrse, and every verti- 
oal joint shonld follow as nearly as possible in the middle of the 
stone below. 

By the term hedi of a rione is meant the upper and lower 
surfaces of the block* In usual walling these are horisontal^ 
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lift., fttihe right angle with the taoe, and are called the lower 
hed — ^that is, the one on which the itone rests — and the npp^ 
bed, the surface in which the next aboire it will be placed* 

llie terms $uperii>r and inforior, when thus used in building, 
etc., refer to situatioiH not qaoUty* Thus the superior course 
means the Jiigher, and similarly, inferior means the lower. 

In ercry course of ashlar facing, with brick or rabble backing, 
ihorough^et^if as they are tech^cally termed, should be intro- 
duced; their number should be proportioned to the length of 
the course, and every such stone of a superior course should fall 
in the middle of two similar stones in ^e course below. This 
disposition of bonds should be strictly attended to in long 
'Courses. » 

Thorough-etonee or hond-etones are stones placed with their 
neatest length going through the thickness of the wall at the 
right angle to its surface, ^me of the ashlar stones must be 
thus used, or the facing, having nothing to connect it with the 
backing, would soon separate itself from it and give way. Bond- 
stones are generally put in alternate courses with backing to 
the jambs of windows, doors, etc. They are placed alternately 
in the different courses, so that they may not come immediately 
over each other, and thus the tying is spread over the whole 
surface of the wall ; but unless the backing be set in quick-setting 
cement, or otherwise carefully packed, the tendency of the back- 
ing to settle away from the facing 'vnll not be counteracted. 

In every pier where the jambs are coursed with the ashlar in 
^nt, every alternate jamb-stone ought to go through the wall 
with its beds perfectly level. If the jamb-stones are of one 
entire height, as is frequently the case when architraves are 
wrought upon them and upon the lintel crowning them, every 
Alternate stone at the ends of the courses of the pier which are 
to adjoin the architrave jamb ought to be a ** thorough-stone ;** ! 
And if the piers between the apertures be very narrow, no other 
bond-stone will be neeessary in such short eourses ; but where 
piers are wide, the number of bond-stones must be pro- 
portioned to the space. Thorough-stones must be particularly 
Attended to in the long courses, below and above the windows. 

The term architrave is appli^ to the assemblage of members 
or mouldings which surround a door or window, the sides of 
which are called jamha^ and the cross-top the lintel or traverse. 
The under side of the lintel — that is, the ceiling of the opening, 
or the surface seen on looking upward when standing in a 
doorway — ^is called the soffit. 

Bond-stones should have their sides parallel, and of course i 
At right angles to each other, and their horizontal dimensions in 
the face of the work should never be lees than the vertical one. 

the vortical joints, after receding about three-quarters of an 
inch from the face with a close joint, should widen gradually to 
the back, and thereby form wedge-like hollows for the reception 
of mortar and packing. The adjoining stones should have their 
beds and vertical joints filled with oil-putty from the face to 
About three-quarters of an inch inwards, and the remaining part 
of the beds with well-prepared mortar. 

.Putty cement will stand longer than most stones, and will 
oven remain permanent when the stone itself is in a state of 
4lilapidation from the oorroding power of the atmosphere. 

. It is true that in all newly-built walls cemented with oil- 
putty, the first appearance of the ashlar work is somewhat 
unsightly, owing to the oil of the putty spreading into the 
joining stones, which makes the joints appear rather dirty and 
irregular ; but if care has been taken to make the colour of the 
putty suitable to that of the stone, the joints will hardly appear, 
and the whole work will seem as if one piece. This is the 
practice in Glasgow, but in London- and Edinburgh fine water- 
putty is principally used. 

AU ashlars should be laid on their natural beds ; that is, the 
turface which was horisontaZ when the stone lay in its native 
yuarry should he placed horisontaXly in the wall. To under- 
stand this very clearly, the student must be informed that there 
m two kmds of stone known to geologists, viz., igneous (from 
the Latin ignis, fire), and aqueous (from the Latin aqua, water). 

The ^neous are such as have been formed by the agency of 
fire, which has melted some of their constituent parts and left 
others hard and bright. The whole of tiie mass, when hardened, 
becomes of the same structure throughout, and forms the various 
sorts of granite used in building. 

. The aqu^UB are such as have been farmed by the numerous 
rooky partiolee which have been carried along and deposited by 


water in past ages. This sediment having become hardened by 
time ahd heat, now oonstitutes most of the stones we use in 
building, which are sometimeB, from their origin, called sedi- 
mentary^ I 

hTow the solid mssses we know as stone have not been formed 
by the sediment which was deposited at one period ; but ages 
may have elapsed between each formarion : thus the stone is 
deposited in layers called strata (from the Latin word etratvim, 
strewn or sprisA out), and this is the reason that such stone 
may be easily split into slabs, whilst granite would only chip 
into irregularly-shaped pieces. 

This explanation will now enable the student to understand 
the rule that ** all ashlars should be laid on th^ natural be^,** 
that is, that they should be placed so that the strata of which 
they are formed should be horizontal, or nearly so, as they were 
in ^e quarry from which they were taken. The purpose will be 
clear to any reflective mind, for it will at once be understood 
that the strata, when standing on edge, will be more liable to 
separate as the stone yields to time, ^e influence of the atmo- 
sphere, or to pressure, and thus flakes or layers will separate 
vertically and drop off, leaving a portion of the stone above 
unsupported. 

The causes of durability of stone, and the correspondent causes 
of failure and decay, are either chemical or mechanical, and may 
be described either as decomposition or disintegration. Dura- 
bility also depends much on the power of resistance to wear. 
Decomposition is caused by some of the elements of the stone 
entering into such new combinations with water, gases, or acids, 
as render them soluble either by air or water. Thus granite, 
though the hardest of building stones, is liable to serious de- 
composition when the feldspars are alkaline, and will unite 
with water or acids. Some qualities of this stone are rapidly 
decomposed by the sea, and various causes of a similar cha- 
racter affect other stones, the consideration of which would 
carry us beyond our present subject. 

Disintegration is the separation of parts of the stone by 
m^hanioal action. One of the chief causes is the freezing of 
minute drops of water which gret into the pores or fissures of 
the stone, swell slowly as crystals of ice are gradually formed, 
and consequently burst open the pores or split the grain of the 
stone ; and thus, as said before, if the stones be face-bedded, 
the laminae, or thin leaves of which the aqueous or stratified rooks 
are composed, scale off one after another, just as leaves of a book 

j turn over when it is placed on its back. 

I Besistanoe to wear is another obvious cause of durability; 
but this depends rather on the toughness than the mere hard- 
ness of the material (a quality often attended with brittleness), 
M also on its situation. The crushing weight of Portland stone 
is about 10,000, while that of York is about 12,000, or one-fifth 
more; but in many situations Portland steps will last muoh 
longer than York. Again, the crushing weight of Peterhead 
granite is about 18,000, or not quite double that of Portland, 
whereas, if used as street-paving, it would outlast six sets of 
the latter. 

As many of the principles of building in stone apply equally 
to brickwork, they will be found under that head, and masonry 
will be further considered in a section devot^ to drawing 
as applied to stonework. 


NOTABLE INVENTIONS AND INVENTORS. 

III.— GAS-LIGHTING. 

That the existence and inflammability of ooal-gaB should have 
been known in Europe more than a century and a half before 
its application to economic purposes is a striking instance in 
the history of great discoveries. So it was, however— the 
earliest knowledge of the properties of ooal-gas dating from the 
middle of the seventeenth oentury, and actual experiments 
I with the gas having been made towards the close of the same 
oentury^ The Chinese, indeed — pioneers in this as in other 
j discoveries and inventions— are stated to have employed, for 
ages, spontaneous jets of gas, derived from boring into 
co^-beds,' for illumination and other economical purposes. 
This inflammable gas is described as having been forced up in 
jets, and after being conveyed through tubes, was used for 
I lighting streets, apartments, and kitohens ; it was used also in 
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the iovm ot “ portable gM in bamboo oanee ; and in the Tillage 
of Fredonia, in the tTnited Statea, anoh gaa has tery long been 
need boldi for oookinir and Ulnmina^on. 

In IhiLfl^d the applioaiaon dates from the year 1659, when 
Thomas Shirley oorreotly attribnted the exhalations from the 
bnming well of 'Wlgan» in Lancashire, to the ooal-beds whioh 
lie under that part of the oonnty ; and soon after, the Ber. Br. 
John Clayton, influenced by the reasoning of Shirley, actually 
iw4A> obal<rgas, and described the results of his labours to the 
Hon. Bobert Boyle, the eminent chemist, who died in 1691. He 
says he distill^ coal in a close Tessel and obtained abun- 
dance of gas, which he collected in bladders, and afterwards 
burnt for the amusement of his friends, the gas coming from 
the bladder through holes made in it with a pin. This was a 
hint whioh, in an age more alive to economise improvement, 
might nave brought gas-lighting into operation a century 
earlier, though the mechanical difficulties might have been 
too great to be overcome at that period. In 1758 Sir James 
Lowther described to the Boyal Society a spontaneous evolution 
of gas at a colliery near Whitehaven.. It annoyed the workmen 
eo much, that a tube was made to carry it off, and persons were 
in the habit of filling bladders with the gas and burning it at 
their convenience. It appears still more strange that this hint 
did not bring gas into use earlier. A tube was made to carry 
it off, and it burnt two years and nine months without sign of 
decrease ; it probably diminished as the coal-bed was exhausted. 

This discovery was not published in the ** Philosophical Trans- 
actions ** till 1789. Hughes, in his ** Treatise on G^s Works,*' 
1853, says, “ To the celebrated Dr. Watson, Bishop of Llandaff, 
We are indebted for the first notice of the important fact, that 
coal-gas retains its inflammability after passing through water, 
into whioh it was allowed to descend through curved tubes;** 
but there is evidence in the ** Miscellanea Curiosa,** 1705, vol. iii., 
p. 201, to show that Dr. Clayton also discovered that gas retains 
its in^mmability after passing through water. 

Soon after this, Dr. Watson made many experiments on coal- 
gas : he distilled the coal, passed the gas through water, and 
conveyed it through pipes from one place to another, yet it was 
not introduced into general use ; for although the properties of 
coal-gas were known to so many persons, no one thought of 
applying it to a useful object, until Mr. Murdoch, the engineer, 
at Cornwall, in 1792, erected a small gas-holder and apparatus, 
whioh produced gas enough to light his own house and offices, 
and he subsequently erected a similar apparatus in Ayrshire. 
In the following year he put up works for lighting the Soho 
Foundry, at Birmingham, with apparatus for the purification of 
the gas ; this light was exhibited complete at the Soho manu- 
factory at the Peace rejoicings in 1802 ; and upon a similar 
occasion in' 1814 gas was employed to light the pagoda and 
bridge across the canal in St. James's Park. In 1800 Mr. Clegg 
exhibited gas lights in front of his manufactory at Birmingham. 
Halifax and other towns followed. A single mill at Manchester 
used above 900 burners and several miles of pipe-supply, for 
the erection of whioh, in 1808, Mr. Murdoch received the Gold 
Medal of the Boyal ^ciety. 

With respect to the tardy progress of gas-lighting, it must 
not be forgfotten that many interesting facts have been adduced 
to show that the tracks of purely scientifio research, and of the 
subsequent applications to art, have lain very much with dif- 
ferent parties. It was not, for example, the chemist who first 
showed a jet of coal-gas burning in his laboratory, who also 
first conceived and accomplish^ the noble feat of lighting 
up with gas a whole city, so as to make night there almost 
as light as day. 

From the lighting of the Soho Foundry, in 1802, to the close 
of 1822, Sir William Congreve reported the capital invested in 
the gas works of the metropolis alone to be one million sterling, 
while the pipes extended upwards of 150 miles. Still, the light 
of gas was poor and its smell offensive. Lectures and experi- 
ments wore next made by a German, named Winsor, who, in 
1803-4, lighted the old Lyceum Theatre in the Strand ; in the 
lat^ year he patented his method, and established a company 
which subscribed ^50,000, expended in experiments, among 
whioh was the important process of purifying gas by lime. In 
1807 Winsor lighted up ihe space between Pall Mall and St. 
J^es*8 Park. Two years later he applied to Parliament for a 
omirter, when the testimony of Acoum, the chemist, was bitterly 
ridiculed by the PorliomenWy Committee. In 1814 West- 


minster Bridge was lighted with gas, and <m Christmas Day,. 
1814, oommenoed the general gas-lighting of London. On Lord 
Mayor's Day, in the next year, Guildhall was, for the first time, 
lighted with gas. 

In 1814 an explosion ooourred at the gas works just esta- 
bli^ed at Westminster, upon which a committee of the Boyal 
Society reported that gas works ought to be plaoed^at a con- 
siderable distance from ‘all buildings; and that the reservoirs 
or gas-holders should be small, and separated from each other 
by mounds of earth or strong parting-walls. Dr, Arnott signi- 
ficantly records that such scientifio men as Davy, Wollaston, 
and Watty at first gave an opinion that coal-gas could never 
be safely applied to the purposes of street-lighting.** Sir 
Humphry Davy, then President of the Boyal Society, asked 
one of the inventors if it were intended to ts^e the dome of St 
Paul's for a gas-holder. (The interior was experimentally lighted 
with gas in 1822.) In 1825 a Government committee of scientifio 
men reported that their occasional inspection of gas works was 
neoessary, the frightful oonsequences of leakage and explosion 
being anticipated. 

The following Is a brief and general description of the process 
of the production and purification of coal-gas, the operation 
being merely a process of distillation. The apparatus consists 
of (1) the retorts, cylinders ot iron or olay, into whioh the oosl 
being quickly shovelled and the mouth closed by a lid, they are 
plao^ on the fire and heated to redness whioh decomposes the 
coal and drives forth the resulting gas ; (2) the dip-pipes and con- 
densing main, employed to conduct the gas into vessels where 
the tar and other gross products are removed from it ; (8) the 
purifying apparatus for abstracting the sulphuretted hydrogen, 
carbonic acid, etc.; and, lastly, gasometer with its tank, 
into whioh the gas is finally received in a purified state. Thk 
is effected by the vapours f^m the coal being oanied away by 
a wide tube, whioh passes from the cylinder into a series of 
vessels, where the mixed product is cooled and loses much 
condensible matter. Thus partially purified, the gas still retains 
sulphureous and other vapours, to remove whioh it is subjected, 
in some gas works, to dilute sulphuric acid, whioh separates the 
ammonia ; but it is mainly purified by passing it through a 
series of vessels containing qtiiok-Ume, whioh absorbs the remain- 
ing impurities, especially the last traces of sulphur, the presence 
of which, more than any other oiroumstanoe, has prevented the 
adoption of gas-lighting in private dwellings. Dr. Letheby 
says of this discovery :—** It is needless to dwell on the im- 
portance of this discovezy ; for it is admitted on all sides that 
the presence of sulphur, in an unabsorbable form, is one of the 
most serious objections to the .employment of gas as an 
illuminating agent ; and if , as in the present case, the sulphur 
can be entirely removed, without in the least degree injuring 
the illuminating power of the gas, it is manifest that a n&w 
era is commenced in the history of gas illumination, I have 
no hesitation in saying, from my investigations of the matter, 
that this discovery of the perfect action of lime as a purifying 
agent is one of the most important of the present day^ and cannot 
fail to give an impetus to the manufacture of gas, by seourmg 
to the public a complete protection against the hitherto objec- 
tionable properties of it.** 

Here we may note, that a few years ago the refuse from 
coal-gas works was perfectly useless, but valuable uses have 
been discovered for gas liquor. From coal-tar are now obtained 
not only naphtha, benzole, and carbolic acid, but various 
brilliant dyes and colours. 

Under the water-tank, in whioh the gMometar floats, the ga« 
is introduced, whence it is driven by the weight of the gasometer 
through cast-iron mains under the streets, and frmn them, by 
wrought-iron service pipes, to the burners, the supply being 
regulated by gauges and valves. Professor Frankland has 
lucidly explained, at the Boyal Institution, the apparatus and 
processes used in the manufacture, purification, and distribution 
of coed-gas, by miniature gas works in actual operation. From 
retorts in a small furnace the products of destructive distillatioB 
are successively oonvsyed through stand-pipes, the hydraulic 
the Water and tar well, the oondenser, the exhauster, the 
purifiers, the station-meter, and finally the gasometer, with its 
governor to regulate the pressure upon the purified gas. 

Professor Frankland in estimating the real source of li|^t in 
ooel-gas, refers it to ignited hydro-carbon gases and vapours* 
'Chtse gri^ufdly lose hydrogen when exposed to heat, and their 
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carbon paHados shrink togother, and f cm oompotmdB of greater 
eomplezity* being some d the denae Taponre whioh exist in a gaa« 
flame j and even the eoot piodnoed \>j a gas-flame is not pure, 
but reqtiirea intense and prolonged ignition to free it from 
hydrogen. A gas-flame is also p^eotly transparent, and gives 
equal light in dilEerent pOsiMons. In the oomparison of light 
of equal intensity, obtained flrom different matwials, it is found 
that ooal-gaa, a^ especially gas from oannel coal, is the least 
nnhealthy of all ordinary lights, whioh is contrary to the usual 
opinion. 

The iUnminating power of ooal-gas has been greatly improved 
of late years, but inquiry is too extensive for our limits. We 
must be content to mention the passing of gas over naphthaline, 
when it takes up its vapour, thirty grains of whioh to one foot of 
gas increases the light seven or eight times ; with oil the result 
ezoeeds from four to five times, but even this Is an important gain. 

Gas has been made from oil and resin, but both are too costly 
for street-lighting. Wood and peat are also used, and a village 
in Irel^d has been lighted with gas made from bog-tuxf . The 
Bade light was &st used for lighting the House of Commons in 
the year 1812; its flame, acted upon by a current of oxygen, 
had its brilliancy increased by a onrrent of atmospheric air. 
Now, however, the electric light has been laid on in the House, 
and is rapidly superseding gas in places where it is required in 
large <;inantitie8. 

It has been calculated that an ordinary caudle consumes as 
much air while bnmmg as a man does in the act of breathing ; 
^0 samo may be said with regard to gas, oil-lamps, etc., bear- 
ing a proportion to the amount of light evolved. An ordinary 
gas-light is said to consume as much oxygen as six persons ; 
thus it is that a gas-lit room becomes so oppressive. During the 
combustion of oil, tallow, gas, eto., water is produced. Tn cold 
weather we see it condensed on ttie windows of Hi-ventilated 
shops* By the burning of gas in London during twenty-four 
hemrs, i^re water is produced than would supply a ship laden 
with emigrants on a voyage from London to Adelaide. 

Dr. Johnson is said to nave had a prevision of lighting streets 
fay gas, when one evening, from the window of his house in Bolt 
Court, he observed the parish lamp-lighter ascend a ladder to light 
one of the glimmering oil-lamps ; he had scarcely descended the 
ladder half way when the flame expired ; quickly returning, he 
lifted the cover partially, and thrusting end of his torch be- 
neath it, the flame was instantly communicated to the wick by 
the vapour which was still issuing from it. ** Ah ! ” exclaimed 
the doctor, one of these days the streets of London will be 
lighted by moke,** 


PROJECTION.— VI. 

THB PEOJECTIOlir OP CTLINDSBS. 

A CYLnn>BR is a solid body of the character of a prism, but 
its elide are circlee. ^ The axis, or line on which a cylinder 
might be tmmod, unites the centres of the ends ; and if the 
ends are at right angles to the axis, the solid is called a right 
cyltoder. If the ends ore inclined to tho axis, so that if the 
oylindOT wew placed on one of them it would be ftin-n ting instead 
of upright, it is called an oblique cylinder. In the first case the 
ends would be cmsles; but in the second, although all the 
sections at right angles to the axis are oiroles, the ends being 
at an angle to it are ellipses. It will be readily understood that 
all sections passing from one end of a cylinder to the other, 
^CLrallel to the axis, will be parallelograms ; and by rolling np 
a rectangular piece of paper it will be seeu that the surface of 
development of a cylinto is a parallelogram, the height of 
which is equal to the length of the cylinder, and the breadth to 
its circnmferenoo. 

79 IS the pl^ and elevation of a pylinder when standing 
on its base, and it will be evident that then, although the 
cylmder might be rotated on its axis, that ayi** would remain at 
a^les to the horizontal, and parallel to the vertical plane. 
Fig 0 80 shows the elevation of the cylinder when its is at 
4$® to ilm horizontal, and parallel to the vertical 
To pr^eot the phm of this, on A b describe a semicirole 
which will , represent half of the end. Divide this semicircle 
mto say number of equal ports, o d, n b, etc., as in Fig, 77 in 
^lartleMi^ the points o,t>, a, etc., draw lines paraUel to 
thoaxis of the uyhnderi which* pwsiug from end to will give 


tiie imitie points in both. Draw'a line for the axis of the plan 
paySfUel to the intersecting line, and perpendiouhuw from ^tho^ 
various points in the elevation. M a r k off the lengths, o c, etc.,, 
on eaohside of the axis, and thiongh the points ^us obtained 
draw the eUipses forming the p^s of the en^ Hnite these 
by lines parallel to the axia, which wUl oomplete the plan. 

Fig. 81 is the projection of the cylinder when the axis is ah 
45^ to both of the planes of projection. No desoripimn of the- 
working is deemed necessary, as it is simply a repetition of 
Fig. 78 in the last lesson, and will, no ooubt, be readily' 
understood. 

Qn referring to Figs. 27, 28, 29, 30, the student will be re- 
minded that if a solid be cut across the parts will, when rotated 
on a centre, form an “ elbow ’’^that is, they may be joined so 
as to tom a corner. This principle holds equid^ good in re- 
lation to cylinders. 

Fig. 82 is the plan and elevation of a cylinder which it is- 
required to cut so that the parts may be joined to form an angle 
oi 90^. The following rule must be impressed on the minds of 
students, viz. : Whatever may be the required angle, the section 
must be made at half that ansd^ with the axis. Thus, if a pipe 
is to follow two walls whioh meet at an angle of 120^, each part 
must bo out at 60^ ; and, therefore, in the present figare, ^aw 
tho Bootion-line, a b, at 45^ (half of 90° required). If now the 
upper port of the cylinder be rotated on a centre (c), the point 
B will meet A, and tho line b f will become A a. Now ^vide 
the plan into any number of equal parts at a, d, etc., and carry 
up perpendicular from these points to out tim seotion-line in 
d\ d\ e\ e*. 

To find the true section, draw A b (Fig. 83), equal to the 
section-line A B in Fig. 82, and set off on this line ^ the dis- 
tances, A s', e* d, eto. Through tho points o', d', eto., draw lines 
at right angles to A b, and set off on them, on each side of the 
line a B, the distances whioh the points similarly lettered ore 
from the oentral line A B in tho plan, thus obtaining the i^oints 
c, c, B, d, E, e. Draw the curve of tho ellipse, whioh forms- 
the true seotion, through these points. 

Fig. 84. — To develop this cylinder, draw a horizontal line and 
a perpendicular, A. On each side of A' set off the six equal 
spaces into whioh the two ports of the plan in Fig. 82 are 
divided, viz., a a, a B, etc., and ao, e d, eto., placing the lettere 
E, B, etc., e, d, etc., in the order in whioh tii^ follow on each, 
side of A. Erect perpendionlars from each of these points, 
making b f equal to the height of the original cylinder (Fig. 
82). Join F F, and the parallelogram b f f b wUl be the 
development of the entire cylinder. 

To trace the seotion-line on this development— -that is, to draw' 
the line in which the material is to he cut so as to form both the 
pcMrts of the eyWnder— -erect perpendiculars from each of thepoints- 
between B, b, and make them the height of those similarly' 
lettered in the elevation. This is best done by drawing horizon- 
lals from the points in the section-line to cut the perpendioularB 
in the development whioh ore similarly lettered. The points 
A, e, €, d, d, c, c, d, d, e, e, b, b, will be thus obtained; and through 
these tho curve is to bo traced, whioh will be the development 
of the line of seotion ; and if a piece of sheet iron, or any other 
material, were so out, the parts when rolled and joined vrill give 
exactly the same figures, the joint or seam being at the highest 
point in the one, and at tho lowest in the other part. 

Fig. 85 is a view of the lower portion projected from the 
plan, when the diameter, A b, is at an angle instead of being 
pan^el to the vertical plane. 

Fig. 86 shows the elevation and half-plan of aioyhnder, 
which, on being cut twice at 45°, may be converted into a 
“double-elbow.’» 

Having drawn tho haJf-plan (only the half is required, as the 
points in the other h^ would be immediately at the back of 
those here given), project the elevation from it ; then divide the 
semoirole into any number of equal parts, and &om these 
points of division draw perpendioularB. Nmrt draw the section- 
lines at the required angle (in this case 45°), and at the two 
extreimties of the lower one draw lines at right angles to toe 
elevation of the cylinder; make these lines equal in length to 
toe middle portion of toe cylinder, and join them by a line at 
45°. Erect perpendiculars at their extremities equal respec- 
tively to toe corresponding lines in the bwer portion of the 
ol^eot. Join these by a luMiisQntal lins» vrill ooimplete- 

toe elevatioxL 
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The derelpp- 
. snent of the piece 
of metel of 
this double^bow 
is to be out mnab 
BOW reoeite onr 
attention. 
duoe the baae-Une 
of the pylinder, 
.and at any part 
of it ereot a p^ 
pendionlar (^ig» 
87), from whi(^ 
eet off on eaob aide 
the aamo number 
of equal parts as 
that into whiohi 
the half-plan of 
the cylinder is di« 
vided, and draw 
perpendioulam 
from the points. 
Prom the top of 
the original erect 
cylinder draw a 
Tiorizontal line. 




and this, uniting 
the two external 
perpendiculars, 
will complete the 
: general develop- 
ment. Betnming 
now to the eleva- 
tion of the ori- 
ginal cylindei^ it 
wiU be seen that 
the perpendicu- 
lars which were 
drawn from the 
points of division 
in the plan, cut 
both of the sec- 
tion • Hnea, and 
from these points 
of intersection 
draw horisontal 
lines to out the 
perpendiculars 
in the develop- 
) that drawn 



from the highest 
point (viz., the 
point where the 
section-line starts 
from the side of 
the elevation) to 
cut the central 
perjtendicular^ 
and that from 
each of the other 
points to cut the 
next pair of per* 
pendicnlars in suo- 
cessioB ; through 
these points the 
curve, which is 
the development 
of the section - 
lino, is to be 
drawn. The lower 
section-line will, 
of course, be de- 
veloped in pre- 
cisely the same 
manner from the 
corresponding 
points of inter- 
section o< 
on it. 

Fig. 88 
elevation 
plan of one of 
the ends cff the 







THE TECHNICAL EDUCATOR. 


i^ore object when reetmg on ite section. On n horisontnl line 
mark off tbe len^h of the $9cUcn^Une in ihe eUnoMtm^ and at 
the extremities draw lines at 45^; make these equal to. the 
length of the longer and shorter sides of one of the end pieces 
of the eleyation^ and join them bj a line which will (if their 
lengths be correct) be at right angles to them. Divide this line 
into two equal parts, and from the bisecting point draw a line 
parallel to the sides already drawn ; this will be the axis. On 
each side of this draw lines parallel to it, and at distances apart 
corresponding with those in the. elevation, to meet the inter- 
secting line. Drop perpendiculars from these intersections, 
passing through a horizontal line drawn in the lower plane ; on 
these set off from the horizontal line the widths of the corre- 
sponding lines in the plan ; join the extremities by tracing an 
ellipse to touch each, and this will be the true section on 
which the object now rests. From each of the points through 
which the eUipse has been traced draw horizontal lines, and 
intersect these by perpendiculars drawn from the points occur- 
ring in the end of the object ; through these intersections draw 
the ellipse, which will be the plan of tbe end. 


ELECTRICAL ENGINEERING.—IV. 

BY XDWABD A. O’kEXFFE, B.X., A.S.T.X., 

Demonstrator in Electrical Enfrinaering, City and Guilds of London 
Technical College, Finsbury. 

ATTRACTION AND REPULSION — DIFFERENT KINDS OF 
ELECTRIFICATION -CONDUCTION AND INSULATION— 
GOLD-LEAF ELECTROSCOPE — WINTER’S ELECTRICAL 
MACHINE-ELECTRIC AMALGAM. 

It is mentioned by Thales of Miletns (600 b.c.) that when a 
piece of amber (elektron) is rubbed, it acquires the power of 
attracting light bodies. Dr. Gilbert showed that this property 
is also possessed in a very marked degree, by such snbstancoa 
as glass, resin, sealing-wax, ebonite, sulphur, guttapercha, etc., 
and for that reason ho called them electrics ; wliilo those sub- 
stanoes, snoh as the metals, which when rubbed showed no 
tendency to attract light bodies, he called non-electrics. This 
attraction is due to the fact that the portion of the substance 
which has been subjected to friction becomes electrified, or 
charged, or excited, and when any body gets into this state it 
possesses this peculiar power. The following experiment is 
instructive : — Take a glass rod quite clean and free from any 
trace of moisture (it had better be heated), rub it with a 
piece of silk, and bring it near a light pith - ball which is 
hung from a stand by means of a thread of unspun silk. 
The ball will be immediately attracted by the rod, to which 
it will stick for an instant and then bo violently repelled. 
If a rod of sealing-wax which has been rubbed by flannel 
be now brought near, the ball will be immediately attracted to 
it, and after contact for an. instant will be once more repelled. 
The electrified glass rod communicated to the pith-ball by 
contact a portion of its own charge, and having done so re- 
pelled it. When the ball is in this condition the sealing-wax 
attracts it, clearly showing that its electrification is opposite in 
kind to that possessed by the glass. If the order of the ex- 
periment had been reversed — that is, if the pith-ball had first 
been brought into contact with the sealing-wax, it then would 
have received a different kind of electrification, and would 
have been attracted by the glass rod at the same time that it 
was being repelled by the sealing-wax. Thus each body at- 
tracts the pith-ball when it has been electrified by the other, 
and each repels it when it has been electrified by itself, while 
both attract it when in its normal condition. It is evident 
then, that though both bodies become electrified by rubbing, 
it is also clear that the electrifications developed on them 
are distinctly opposite in , character, and it is customary to 
distinguish between them by calling the charge on the glass 
vitreous or positive (which may be expressed by the algebraic 
sign •+• ), and that on the sealing « wax resinous or negative 
(express^ by the sign — ). A positively eleetrijied body will 
attract anything tebich is either negatively electri^d or neutral, 
and wiHX r^l anything which is positively electrified, while a 
negatively eiecirified body will oAtraot any thing wlvich is either 
positively electrified or neutral, and will repel anything which 
$f negatively electrified. This statement is sometimes expressed 


by saying that like eleotrioitios repel, and unlike attract one 
another. 

The kind of eleotrifioation developed on those substanoes 
known as electrics depends to a great extent on the substance 
with which they have been rubbed, and the following list is so 
arranged that any substanoe will become positively electrified 
if rubbed by any of those which follow it : — 


Cat's Skin. 
Gloss. 

Silk. 

The Hand. 
Sulphur. 


FUimel. 

Shellac. 

Caoutohono. 

Resin. 

Guttapercha. 


^ uy a suw uui. 

r\ 


If any of these substances be rubbed by any following one it 
will beoome electrified -b, and the rubbing snbstance will at the 
same time beoome charged — . One charge can never be pro- 
duced alone ; if a -f charge emsts, an exactly equal — one 
must be produced at tbe same time. 

In the case of all those bodies called by Gilbert electrios, 
and now known as insulators or non-conductors, the eleotrifi- 
oation developed by friction remains at the spot where the 
friction takes place, and does not spread itself uniformly over 
the surface of the body. They can communicate thoir ohargea 
to other bodies by means of contact, as in the case of the pith* 
ball, but a charge can also be communicated by another means ; 
namely, by conduction. A simple experiment will best ex* 
plain this. Suspend (Fig. 1) a pith-ball by a silk fibre, 
and from it hang another pith- 
ball Ho by a metal wire. Touch 
Hi wi^ an electrified glass rod 
and it will be immediately re- 
pelled, and if the rod be now 
brought near without touching 

it, this ball will also be repelled, 
and will behave in every respect 
as if it had been in contact with 
the rod. The positive charge 
which it has, was conducted to 
it by the wire from Hj. If, in- 
stead of the metal wire a silk 
thread had connected Hj and h ^, 
no charge would have been com- 
municated to Hj, showing that 
silk does not conduct electricity, 
or, in other words, is a non- 
conductor. This power of a 
substance to conduct electricity 
is the only difference between 
an electric and a non-electric ; 
an electric is a non-conductor, 
a non - electric is a good con- 
ductor. No substance conducts 
electricity perfectly, and no sub- 
stance altogether insulates or 
prevents its flow, though many 
bodies approximate to these extremes, and between them 
there are many of varying degrees of goodness or badness, 
as conductors. In the following list each substance is a better 
conductor than any which follows it : — 




SHz 


0 ^ 


Hg. 1.- 


-ILIitrSTRATINO CON- 
DUCTION. 


Metals. 

Charcoal. 

Graphite. 

Acids. 


Linen. 

Cotton. 

AlcohoL 

Ether. 


GOOD COKDUCTOBS. 
Salt Solutions. 

Sea Water, 

Fresh Water. 

Bain Water. 

PARTIAL COKDUCTOBS. 

Flower of Sulphur. 
Dry Wood. 

Marble. 

Paper. 


Snow. 

Growing Vegetables., 
The Body. 

Soluble Salts. 


Straw. 
loB at C 


KOK-COKDUCTOBS OB IKBULATOBS. 


Oils' (fatty). Leather. Glasr. 

Phosphorus. Fardiinent. Wax. 

Lime. Dry Papsr. Sulphuxv 

Chalk. Hair. Resin. 

Caoutebono. Silk. Amber. 

Oils (ethereal). Predesw Stones. Shellac. 

Porcelain. Mica. Dry Air. 


Any of these snbatances will biMome negatively electrified if * 



foetifiga:tion:. 


tabbed irith eat*B fat, bat in tiie oaee of the oondnotore the 
charge gnte oondnoted off through the .hand os eoon oe it 
it formal unleee eome derioe ie adopted to prerent it. If 
the eubtifixioe be fixed on the end of a rod of gloee, ebonite, 
or eome enoh non-oonduotor, and then rubbed, it will become 
neg^tiTelj electrified, end the cdiorge will be diitributed orer 
its whole surface, the insulating handle presenting any loss 
by conduction. 

The use of the pith*ba]l for investigating these phenomena 
was practically discontinued when Abraham Bennet invented 
what is now Imown as the QM-leaf electroscope. The instru- 
ment here illustrated (Fig. 2 ) is Professor W. E. Ayrton’s modi* 
fioation of Bonnet's electroscope, and is undoubtedly the best 

form of that instrument. 
yy' It consists of a strong 

^ gloss shade, o o, mounted 

t on a wooden base ; on the 
inside of this shade is 
pasted a number of strips 
of tinfoil, T, the ends of 
which ore in metallic 
connection with the ter- 
minal screw, 8. From 
the wooden base rises a 
glass rod, ff bent into 
the form of a gallows, 
and carrying a short 
metal tube, f, through 
which it passes, fitting 
tightly. ^To this tube is 
fixed a wire, w, which 
projects through the 
ebonite cap on the shade 
(but without touching 
it), and terminates in a 
brass ball, w. To the 
lower end of this wire is 
attached a pair of light 
gold-leaves, l. The gk,88 
vessel, V, contains pieces 
Fig. 2 . — QOLD-LXAF XLBCTBOSCOPE. gf pumioe-stone soaked 

in strong sulphuric acid 
which absorbs any moisture and keeps the instrument per- 
fectly dry ; p is a brass plug, sliding stiffly on the wire w, 
and fitting tightly into the hole in the ebonite cap when the 
electroscope is not in use. 

In order to use this instrument, the plug p is raised as 
shown, and the charge communicated to the knob w. This 
charge immediately distributes itself over all the conductors 
(including the gold-leaves) which are in contact with the knob. 
The gold-leaves — which till now had been hanging vertically — 
on being similarly electrified, will instantly fly apart, and will 
remain so as long as they retain their charge ; and as this 
charge can only leak away along the glass rods g which are 
in themselves good insulators, the instrument retains its charge 
for a considerable time. The tinfoil strips, t, preserve the 
JAnvAfl from the effects of any external influence. It may 
be remarked that the leaves should be made of pure gold, not 
of Dutch ’* metal, as is sometimes the case. 

The rubbing of glass rods is a very simple and convenient 
way of generating 8m|dl electrical charges. To obtain these 
charges on a large scale, some mechanical device must be adopted, 
where plenty of friction is brought to bear on a large surface. 
Perhaps the best type of frictional machine is the plate form, due 
to Carl Winter, of Vienna (Pig. 8). This machine consists of a 
glass or ebonite disc, 8, fixed on a spindle o,, which is rotated 
by turning the handle K. This disc posses b^ween two rubbing 
surfaces supported on glass pillars Oi 03. The positive charge 
generated on the surface of the disc by friction is collected by the 
wooden rings, r, which have a number of metaUic points almost 
but not quite touching the glass. This charge is then oonduoted 
to the brass ball c, which is supported on the glass pillar G4. 
The rubbing surfaces are connected by a wire to the disoharg- 
ing-rod b, which is also supported on a gloss pillar. This rod 
B is not a fixture, but can be brought near 0 whenever it is 
desired to get a discharge in the form of a spark. The large 
wooden ring w contains a spiral of wire, and serves to in- 
oreose^the oapodty of the moehine ; br« in other words, to. In- 


crease the length of the spark which con be obtained from it. 
All the metallic or conducting portions of the machine are 
rounded off at the ends, os the charge is quickly dissipated 
when allowed to accumulate on points. The rubbing suHooea 



Fig. 3.— winter’s electric machine. 

are covered with leather, which is coated with electric amalgam r 
a substance which can be made by melting equal quantities of 
! tin and zinc, and then mixing them with twice their weight of 
I mercury. When cold, this compound is quite brittle, and can be- 

^ ■_!, a powder, which, when mixed with vaseline and 

placed on the rubbers, gives them the necessary metallic 
surface. 


FORTIFICATION.— II. 

BY AN OFFICER OF THE BOYAli ENGINEERS. 

TTPES OP FIELD PROFILES ON LEVEL aBOtJND — DEFINITIONS 
— NAMES OF SLOPES, ETC. — USES OF VARIOUS PARTS OP 
PROFILE — PENETRATION OF RIFLE BULLETS — PENETRA- 
’ TION OF ARTILLERT— NB0188ITT FOR VARIETY OF PROFILE 
TO SUIT THE GROUND— DEFINITION OF DEFILADE— MEANS 
OF AFFORDING ADDITIONAL SECURITY TO MEN FIRING 
OVER THE PARAPET. 

Types of Field Prt^los . — ^The ordinary earthen parapet is a 
monnd of earth thrown out from an excavation nm it. 

When this excavation is behind the monnd it is called a,. 
irenchf and when it is between ^e monnd and the enemy, it is 

<^ed a ditch. 11’ 

In the latter case, the defenders either fight on the samelevw , 

« 



IW; 


THE TECmEXOAIi EZnJOilTOB. 


fUl opponentit or ave wi|i^ aijKrre them, imd the 
tion serves as an obstaqle to w ex^y’e advanoe. , 


The^xmim^ is ihs tte iighest point tir eritt of^ 

a work above the lesPl of' the gr<nmA it staiidsi or 


,When (as in peprmaiient iorBfieatto it is possible to make above simmother work*0vev wlnoh ithas to &re» 

Im ^ch both broad and deep, it forms a serioas obstaole, and lonnsr is termed the dbsoZtife eomniaHd^ the latter the 

idrds sufficient earth for the formation of a reidly impor* reHaUve commend. A work is said to him a^comniand jirs 


taut parapet (Pifif. 1). . 

In held woTkBj^ 0 imr^ 
ditches can be muir^ore than ten oP(| 
which case the is not sufficiently 

ditional arreiiimben must bo 
made to delajj^e enemy under 
the close firq^ the work. 

When ooi^eted with a suffi- 
ciently higlf parapet, this is 
the best foz^tion, as it offers 
the advantages of a command- 
iog position to the defenders, 
and protects' them by an 
obstacle in frCht; it is not, 
however, a rapid method of 
obtaining cover. 

Cover is more rapidly bb« 
tained by excavating a tronoh^ 

in which the defenders osn — !> 

stand to ffre over the mbp^id j 

of excavated earth ; beoausS'^ / 

this arrangement they iu;e 
tooted by tiie parapet as^weUas ^ 

by the depth of the excavation. 

Thus, for instance,'* trench 
throe feet deep will aflM about 
six feet of cover. The trench 
formation is thttef(nw generally 
adopted for hastiy entrench- 
ments in the field, and for the 
parallds and approadhes cm- 
ployed in sieges, to enable the 
besiegers to advance towards 
the well-armed and formidable 
works of a fortress (Fig. 2 ). 

It must, however, be observed 
that there is no obstacle what* 
soever opposed to the enemy, 
and that as the defenders am 
standing in the trench, they am 
lower and consequently fight- 
ing to a certain extent at a 
disadvantage with on enemy 
outside. 

Occasionally, when there is 
pleniy of labour available, but 
when the time for the construc- 
tion of the parapet is limited, 
or when it is desirable to con- 
struct a thicker parapet in a 
given time than could have 
been obtained by either of the 
above methods, a double set of . 

Workmen are employed — one 
parly digging a ditch and the A 
other a trench, and throwing up 
the earth between them (Fig. 3 ), 

This arrangement has many 
es { it has, however, 


happens that the 


over another work, when its reitative' oemmaad is stioh as will 
admit of a direct from both parapets being kept up eunnl* 


live feet deep, in taneonsly, without danger to the defenden, of the front wo rk . 


bidable, and ad- 


t^rrepUin 


Aasnmaig the Work to be on level gtxnmd, in the same plane 
with the enemy's posituii, and 
that the parapet idfi)idd be oapa^^ 
ble of giving covar and prot^ 
^ tkm to men of cvdinary statum 

• ctanding a certain distance in 

rear, it is evident that the crest 
must at least be six feet higher 

/ than the level on which they 

when it is remem- 
Di'^H berod that the trajectory or 

\ enemy’s projectile 

^ ^ ourved line, it is plain that 
this height must be exceeded. 
A command of eight feet gives 
— a fair amount of protection, but 

a greater oommand would, of 
oourae, be better. 

is the difference of 

ji- 2^ between the Cftezi of ihe 

* pa/rapet and the bottom of the 

ditchf or the oommand + depth 

1^.^ -TWHMMMSH* terreplem of a work is 

i^KvJDi/tA the level si^aoe within it on 
which the active operations of 

— defence — such as working 

the guns, etc* — are carried on. 

field-works with a low oom- 
mand, ‘the terreplein is usually 
original gronnd-Hne (Fig. 
4 ) ; but in permanent works, 
Sv with, a command of twenty or 

t* thirty feet, the terreplein is the 

level surface on lie top of 
the embankment or rampart 

mvmju These terms ** rampart ’* and 

<* parapet’* are so frequently 
misappUed, that it would be 
, ■ ■ . , <^011 to note that the rampart 

f ' i is simply an embankment or 

mass eff some material which 
j raises •the parapet to the re- 

Fig. 5 , quired level. 

1 Names of Slopeit etc , — ^The 

^ names of the ‘various parts of 

• JHto^ a profile (Fig. 6) are — ab. Slope 
I of the banquette. BO. Ban- 

, quette. o ix Interior slope of 

itj 4 ^ parapet, d e. Superior slope 

^ of parapet, d e. Thickness of 
parapet. ^ b 7 . Exterior slope 
7 I of parapet, r o. Berm, a h. 

' — ■ ' i Es^rp. H I. Bottom of ditch. 

1 K. Oountersoarp. x ii K. 


the defect belonging to all krenoh formations, viz., that the Glacis, x L. Interior slope of glaris. L u. Slope of glacis, 
trenches are liable to be flooded in xsiny weather, unless special Uses cf various parts of JVq^Ze.-— When the paropet is high 
arrangements are made to drain tbom • and that, unless the enough to give cover to those not actually defending it, a plat- 
parapet is unusually high, the defenders are only unider cover form or step must be made at a convenient level (usually 4 
while standing in the tremi. * feet 6 inches) below the crest, to enable the defendm to fixe 

It is applicable to rooky or marshy sites, where neither ditch over ihe top of the parapet, with as little exposure to them- 
nor trench con bo made deep enough to provide sufl^ent earth selves as possible. This step is called a banquette i its breadth 
forthe parapet. is 4 j^ feet when two ranks ii men are to fi^ and 8 feet when 


D^^kistiona.-- The following terms are frequently made use onltr Qo® Is required* 


of with xefevenoe to the loofiks of works, and liumld be l%e level < 
onderstoodvi— a slope of al 

A revetment is an acrangemsnt lor supporting earth at a a si^eienily 
steeper slope than it would naturally assume, and various with etse* 
materials may be used for this purpose. To enable 


'Hie level of the banquette is gained either by steps or by 
a slope of about called theaZ^ qf the fternguette, which is 
a ssAeienily easy moHne to enisle man to go up or down • 
with etse* 

To enable the men, witen firing, to stand elosd up to tlia ’ 




rm^mcxTioix. 


m 


fill interior eiope fo made aboat f, amd a« ordinasy Ioom 
not sta&d att to ete^ an angle for any length of time, 
it is supported by a reretment of so^, or some other material. 

The thMne$8 if parent is the horiaontai distance between 
the crest and tire exterior slope, or, in other words, it is the base 
of the superior slope. It is regulated so as to exceed the pene- 
'triktion of i^e projectiles it is intended to resist. 

Penetrations of Sifie Bullets . — ^ Those penetrations are very 
VariouJiy^si^ differexit at different ranges, and of course 
Tm'' 1 i^..the hardniwiB i 
resSf^n^um* ThadeMis 
of on 

this wotlld be too 

numerous to state h^, and it 
will, perhaps, be sufficient to 
note some of the Tesults. 

First, with reference to the 
penetration of small arms, we 
haye the results obtained 
experimentally from the Mar* 
tini - Henry, and recorded 
in the “ Proceedings of 
the Artillery Institution,” 

1869 

Mantlets of four thioknesses 
■of three*inoh rope were proof 
agraiust bullets at 400 yards. 

A gabion (or cylindrical basket 
two feet in diameter) filled with 
olay was penetrated at twenty- 
five yards, but not at longer 
distances. Two planks of green 
oak were not penetrated at 100 
yards. Twelve inches* thick- 
ness of fir planking was pene- 
trated at 100 yards. 

Earthen x^a^rapets, or sand- 
bags filled with earth, 2 feet or 
2 feet 6 inches thick, are x>roof 
againet any small arms what- 
ever. 

Penetration of Artillery . — 

The penetrating power of artil- 
lery has increased enormously 
in the last few years, and the 
earthen parapets of field-works, 
which a few years ago would 
have been made 6 or 18 feet 
thick, must now (if time admits 
of its being done) be increased 
to 12 or 24 feet thick to resist 
field artillery ; and in penoa^ 
nent works, to withstand the 
heaviest artery, earth para* 
pets from 45 to 50 feet thick 
will be required. 

The top of the parapet is 
made to slope to the front, to 
admit of the musketry fire f^m 
the work sweeping lie ground 
on the further side of tiia ditch. 

This is termed the suj^eiior 
slope., and is usually about J. 

In an earthen work it should 
never be made more than as if it wore so, the thickness near 
the crest would be too week to resist the enemy’s projectiles. 

The exterior slope is the outside portion of the parapet most 
exposed to fire, and consequently should be built at the inclina- 
tion that the soil of which it is composed would assume when 
loosely thrown up. 

Made*eairth will rarely stand at a steeper angle than 45**, oi* J, 
and in sand or loose soils the angle is less ; it must therefore be 
understood although the exterior slope will be assumed as 
^ for purposes of oaloulation, etc., it would in reality depend on 
soil, and probably would be less steep than this. 

Berm is a spaoe left between the foot of a slope and the edge 
of the excavation near it. The berm at the foot of the exteri^ 
dbpe is useful, as it facilitates the ropalir of the parapet, and 


tends to prevent the weight of the parapet ftoih breaking down 
the earthen slope of the escarp, and sloping into the ditoh. 

The escarp is the side of the ditch nearest to^ work. In 
order to mike it diffionlt for the enemy to get up, it would 
be desirable to make the esoairp vertical $ but the sfeight of 
the parapet prevents this being possible in field-works With 
unrervetted ditches. It therefore is a slope varying from f to 
according to the tenacity of the soil. 

In permanent works, the escarp is a very formidable obstade, 
usually a wall about thirty feet 
high, placed in the ditch so as 
to be hidden from the distant 
view and fire of the Onemy, and 
where it can only be destroyed 
with great difficultiy. 

The ditch provides the earth 
for the parapet, and, if deep 
enough, serves as an obstacle. 

Owing to the difficulty of 
throwing the earth higher than 
twelve feet, the ditches of field* 
works rarely exceed that depth. 
In x>^rmanent fortifications, 
when time and labour are 
available, the ditohos are much 
deeper — in some oases exceed- 
ing 50 feet in depth, as, for in- 
stance, at Portland and at 
Malta. 

The width of the ditches in 
field-worics is never Tery great, 
but in permanent works it 
varies from about 50 feet to 60 
yards. N.B, The ditches of 
the works at Antwerp are 60 
or 80 metres in width. 

The counterscarp is the side 
of the ditch opposite to the 
escarp, and as there is but 
little weight to bear on it, this 
slope in field-works may be 
made as steep as the soil will 
admit of. In a firm soil, and 
with moderate level strata, it 
will stand for some time at a 
slope of ? ; but all steep earthen 
slopes should be revetted to 
withstand the effects of rain 
and frost. In permanent for- 
tifications the countersoarp is 
usually a wall which, in some 
coses, has a gallery behind it, 
and is loopholed to allow of a 
musketry fire being brought to 
bear on the bottom of the 
ditch. 

The glacis is a mass of earth 
placed on the onter side of the 
ditch, to bring the ground 
boyond the countersoarp under 
the fire from the parapet; 
and is also used in fidd- works 
to protect, from the enemy’s 
fire, the varioUB obstacles in- 
tended to delay his advance (Fig. 7). The earth necessary 
for this latter object can be obtained by excavating, as shown 
above. 

In all the foregoing examples it has been assumed that the 
works were on level ground, and that a parapet eight feet high 
would protect men standing in rear of it ; and that men, while 
firing over an earthen parapet, are only protected breast 
high Lot us now consider how these arrangements must 
be modified when the ground is sloping, or the enemy is on 
a higher level than the interior of the work; and then how 
better protection can be obtaiued for the men firing over the 
parapet. 

Necessity for variety of Profile to suit the O'roMnd.— From 
Figs. 8, 9, 10 it win be seen that, although a height of eight 
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Fig. 13. 



Fig. 14. 
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of paxopet.may be eoAoieiit on lerel ground to protect 
men itaading behind (Fig.. 8)» it inll be neoeeeary to obtain, 
more ooTer by either raiaing the oreat or lowering the terreplein 
when (ae in Fig. 9) the enemy is on higher ground, or (as in 
Fig. 10) when the enemy is on the same level as the work, but 
the ground rises behind it. 

Dejmition qf 2)efilad^,^^The Tarions practical operations 
tluit are gone throngh to asceriiain how much the parapets 
^ould be xaUed to obtain cover, are osiled deJUade, and will be 
further explained hereafter. To protect the head and shoulders 
of men ibdng over the parapet, loopholes are made on the 
Buperior alope, by laying two fillod sand-bags on the slope, as 
shown in Fig. 11, and then laying two other filled sand- 
bags across them, as in Fig. 12. When sand-bags are not 
available, a stout log of timber may be laid lengthwise along 
the crest, and supported at intervals, so as to leave room under- 
neath for men to fire between it and the crest (Fig. 13). 
This gives good bullet-proof cover; but if hit by a shot or 
splinter of a shell, the beam will probably be carried away, and 
may kill the men standing behind it. Fig. 14 shows a section of 
a rifie-pit with sand-bag loophole. 

AGRICULTURAL CHEMISTRY.~-III. 

Br BIB CHARLES A. CAMERON, M.D., FH O., 

Frofessor of Hygiene in the Boyal College of Surgeons, Ireland, etc. 

CHAPTER III.— HpW PLANTS GROW. 

The final act of vegetation is the production of seed, after the 
performance of which function the individual plants of many 
spocies immediately perish, having in the reproduction of 
similar organisms accomplished thoir destined career. The 
seed developed by the matoro plant contains the germ of the 
future individual, which may therefore be regarded as the heir 
to the plant ; and as the provident human parent lays by a store 
for his offspring, intended to supply their wants until the time 
arrives when they shall be able to provide for themselves, so 
also does the parent plant coasolossly occupy itself during a 
portion of its existence, in accumulating provisionary stores 
destined to nourish its offspring during the earlier stages of its 
growth. This analogy is interesting, and it admits of being 
further extended. 

The first process which takes place when the embryo plant 
contained in the seed is about to assume an independent 
existence is termed germination. In order to describe this pro- 
cess, we must first explain the structure of the seed. We will 
take the common garden boan as an example. It consists of an 
integument, covering, or case, termed the testa (Fig. 4), which 
endloses the embryo, or immature plant. On dissecting the 
seed, two large oblong and fiat bodies arc observed, which bear 
some rosemblonoe to leaves, and are termed cotyledons. The 
bean contains two of these organs, but other kinds of plants 
have a greater number, whilst a few species are destitute of 
them. On separating the cotyledons, a small bud-like projec- 
tion is Been ; this is called . the plumule, and it consists of ex- 
tremely minute leaves. At the base of the plumule is the 
coixulct oT germ of the future plant. From the lower part of 

the oorcule tapers an elon- 
gation, which, during the pro- 
cess of germination, is termed 
the radicle, and is subsequently 
developed into the root. The 
oorcule is oonneotod with the 
cotyledons, from which it de- 
Pi.. . n...... rives its nutrioMint. by .uitaWe 




Fig. 4 .-Gxri)Ss Bean. «, Testa 

or outer covering. j . 

When the seed is placed in 
^ the soil, and supplied with 

the heat and moisture necessary for germination, that process 
soon takes splace. The seed absorbs moisture, becomes soft, 
increases gr^tly in size, and finally bursts. The temperature 
at whidh this first effort of the vital force ta^es place is dif- 
fef'ent in the cose of different plants ; for all viudeties it must 
bo above 32® Fahr. The seeds of the plants of temperate 
olboatee require, with few exceptions, a temperature of at least 
40 ; whilst the seeds of tropical plants do hot in general 
germinate npder 70^. According to Sachs, pl^ts do not 
vigoirously when produced from seeda which hare been 


germinated at a low temperature} on the other bund, seeds 
germinated at too high a temperature do not produce heaUJiy 
plants. 

When the testa bursts, two shoots issue from the seed : one 
— ^the plumule — springs upwards, and is .gradually developed 
into the stem of the plant ; whilst the other, sinking into the 
soil, becomes in time the root (Fig. 5). Luring these 
ohanges, tiie composition of — 


the seed undergoes important 
alterations. Its insoluble 
staroh is converted into solu- 
ble sugar and a gum -like 
substanoe termed dextrine, 
with which the young plant 
is chiefly nourished. The 
albuminoids, or nitrogenous 
matters originally present in 
the seed, also are employed in Fig. 5.— Gabdsk Bean Gebmihat- 
feeding the young plant, and iwo* <»i Cotyledon; b, FIu- 
they gradually disappear from Badxclb. 

the seed. The cotyledons 

being thus deprived of the great bulk of their starohy and 
albuminous constituents, sometimes perish ; but very often they 
make thoir appearance over ground, acquire a green colour^ 
and for a brief time disoharge the functions of leaves (Fig. 6). 

When the cotyledons begin to act upon the atmosphere, the 
independent existence of the young plant commences. Up to 
this point oxygen gas is absorbed, and carbonic acid gas ex- 
haled ; but in future the plant will absorb oarbohio acid and 
exhale oxygon. The great bulk of the seed is made up of 
starchy matter, which, being insoluble, is not capable of 
nourishing the plantlet. There are also present in the seed albu- 
minoid bodies — substances containing nitrogen — which are very 
liable to enter into a state of fermentation. Luring germina- 
tion a portion of the nitro- 


genoua matter ferments, and 

becomes the peculiar sub- 

stance termed diastase, which o 

poBsesses the property of con- 

verting starch into sugar and , 

dextrine. It is stated that If 

one part of diastase is oapablo i f 

of converting 2,000 parts of 111 flj 

insoluble starch into soluble l\ 

dextrine and sugar. This l\\ 

curious attribute of diastase 

is common to the albuminoid 

bodies found in plants; they e\ 

are termed fei'ments. The 11 

albuminoids are like starch, |l 

insoluble in the ungerminated 
fermonta- 
they become more or 
less and thus 

bute to the nutrition the 
plantlet. 

So soon as the young plant 
has exhausted the stores of 
organic food supplied by its 
parent, it enters upon the 
second stage of its existence, 
and now begins to vegetate. 

Henoeforth it must depend Pig, 6 .— Gebvieation of Gabdbk 
upon air, soil, and water for Bear ik Advamced Stage. 
its existence, and it must Cotyledons; h, Plumule; 

elaborate these mineral sub- Corculo. 

stances into the various tis- 
sues of its structure. We shall now explain the nature of 
the mineral food of plants, and the means by which they 
absorb it. 

We Imve already stated that the groat bulk of vegetable 
matter is oomposed of the elements oxygon, hydrogen, nitrogen^ 
and carbon. These elements exist in the air — carbon as oar* 
benio dioxide (carbonic acid, a compound of twelve parts of carbon 
with thirty-two parts of oxygen) ; hydrogen as water (hydrio 
oxide, oomposed of two parts of hyd^en uzutod with sixteen 
parts of oxygen) ; nitrogen in a free state and in the form of 
ammonia (a compound of fourteen parts of ni^gen and thie» 
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ii,.. ■■ „ ... 

of hydrogen); end oxygen free «nd(ooinbinedmthhyaromn ‘ 

and carbon) m the forma of water and oarbonio acid. The 
gi^tor part of the food of plants is nndoabtedly supplied by 
t^atmoaph^, bnt it would appear that the free oxygen and 
Jitrogen of the air are not assimilable by plants. Were the 
free nitrogen of i^e ^ oapable of furnishing plants with the 
amount of this elememt which they require, there would be no 
necessity for applying ammoniacal manures to our soils. Before 
further oonsidering this point, we shall state the composition 
of the atmosphere which surrounds our globe, extending to a 
heqj'bt of at least forty-six miles from its surface. 


AYSaaOB COMFOSmON OF THE ATMOSPHERE. 


Xastniial . • g 


Kon-EiMintial . 


i Nitrogen 

Oxygen 

Watery vapour 

Carbonic dioxide 

Ozone 

Ammonia 

I Nitric acid 

Carbonic oxide 

Carburetted hydrogen 

Sulphuretted hydrogen 

Organic and solid mineral matters . . 


Parts. 
77 OS 
ao-6i 

1-40 

•04 


> traces 


100-00 

Aooording to Ville, there is but one part of ammonia in 
28,000,000 parts of air ; but Angus Smith found a larger pro- 
portion — one groin in 412*42 cubic feet — in the air of Man- 
ohester. Small as this proportion of atmospheric ammonia is, 

. it appears to bo suffloient for the purpose of supplying unculti- 
vated vegetables with sufficient amounts of nitrogen. In the case 
of most kinds of cultivated plants, it is, however, found neces- 
sary to supplement the atmospheric ammonia with nitrogenous 
manures, such as Peruvian guano, ammonic sulphate (sulphate 
of ammonia), sodio nitrate (nitrate of soda, or oubio nitre), 
and the various *' natural manures ** obtained in the farm-yard 
and elsewhere. By the decay of organic matter in the soil, 
ammonia and nitrio acid are produced, and both are sources of 
nitrogen to vegetation. Nitric acid is formed in the atmosphere 
by the oxidation of ammonia under electrical influences ; and 
every year several pounds’ weight of this substance descends 
upon every acre, Potassio cyanide (cyanide of potassium) is 
capable of yielding nitrogen to plants, as is also, as I have 
shown (“Transactions of tho British Association, 1857 “), urea, 
the chief nitrogenous matter in fresh liquid manure. It has 
been contended that the soluble organic matters in tho eoU 
directly furnish nitrogen to plants ; but tho weight of scientifio 
evidence is against this assumption, as it is also opposed to 
the statement that vegetables are oapable of assimilating the | 
free nitrogen of the atmosphere. i 

The absorption of oarbonio dioxide by plants takes place 
chiefly through tho “ breathing pores,” or stomata^ of their 
leaves. In agricultural plants the stomata aro nearly altogether 
found on the under side of tho leaves ; they are very numerous, 
the leaves of some species of plants containing more than 
150,000 per square inch of surfooo. Tho stomata communicate 
with the intercellular spaces in the plant, and consequently 
the air has ready aooess through them to the interior of tho 
vegetable meohanism. It is chiefly by moans of the stomata 
that the excessive water absorbed by the root is exhaled ; and 
through these openings the gas generated witliin the plant, and 
not required for its nutrition, is got rid of. 

Plants cannot grow in the dark. Fungi appear to be excep- 
tions to this rule, but they are not in reality, for they cannot 
grow in the absence of light, except at the expense of the juices 
of other kinds of vegetables. The carbonic dioxide, water, and 
ammonia, taken into the vegetable mechanism, are decomposed 
under the stimulus of the solar beams, and their elements 
organised into the various structures and products of the plant. 
All the oxygen taken into plants in the form of oarbonio dioxide 
is not required, and therefore a la^ge proportion of it is exhaled 
through the stomata into the atmosphere. Carbonic dioxide 
is a poisonous gas to animalB, whilst oxygen is the vital prin- 
ciple of the air which they breathe t Plants, therefore, by 
absorbing oarbonio dioxide and exhalmg pure oxygen, act as 
purifiers of tbe atmosphere ; while, on the other hand, animals, 
by hmpiring oxygen e&d expiring oarbonio dioxide, indireetly 


contribute in an important manner to the nutr^on of the vegow 
table creation. 

The stomata have oontraotile powers, which subserve ueefol 
purposes. For example, under the influence of a dry atnio* 
sphere, the size of these openings decreases, and thereby pre« 
vents too rapid an exhalation of moisture from the pU^. 
Moisture is indispensable to vegetable life; and if grQwing 
plants were deprived of sB, or nearly all, the water which they 
contain, they would speedily perish. XJnder the stunulus (d 
light the ston^ta increase in size, and absorb more oarbonio 
I dioxide. Plants grow, other conditions being equal, in propor- 
tion to the amount of the sun’s light and heat which ikey re- 
ceive. 

The mineral or ash ingredients of plants are absorbed through 
the roots. Some of these ingredients — ^the alkaline aalta for 
example — are soluble in pure water ; others--such as, for in- 
stance, oaloio phosphate — require for their solution water con- 
taining oarbonio dioxide, and certain saline matters which in- 
crease the solvent power of water. The water contained in 
the soil holds in solution oarbonio dioxide, and other matters, 
by means of which it is enabled to dissolve all the mineral 
substances required by plants. The term spongioles has 
been applied to the fine points of the branches of the root, 
and until recently it was the belief of vegetable physiologists 
that absorption of water and other matters took place only 
through these fibril or rootlet terminations. Ohlert, however, 
has shown that tho real absorbing surface is close to, but 
not actually at, the tips of tho roots. Every part of the roots, 
the epidermis or covering of which is young, thin, and soft, 
appears to be moro or loss oapable of absorbing plant-food ’, 
but they have not pores corresponding with the stomata of the 
loaves and stems. 

The green colour of the loaves and stems of plants is duo 
to the presence of a pigment termed chlorophyll. When the 
green colour of the loaves disapx->cars, the growth of tho plant 
is wholly or in port arrested, and tho inorganic forces arc at 
work. The parts of the plant engaged in the absorption of 
carbonic dioxide possess colour, generally green. "When parts 
of growing plants are kept in darkened situations, the forma- 
tion of chlorophyll is prevented. It is by this means that tho 
blanching of that favourite esculent, celery, is effoctod. 


TECHNICAL LEA WING.— VIL 

WOODEN BRIDGES (conHnucd), 

At each end of the piers in the water, in oases where several 
rows of piles aro driven, a sort of cutwater should be formed, 
in order to ward off heavy bodies, such as floating trees, ice, 
etc., and prevent them from injuring the suporstruoture (called 
in German constructions, “ Eisbrechor,” or ice-broakor). This 
is usually done by driving one pile by itself in advance of the 
rest, or by forming what is callod a “ dolphin ” at each end of 
the pier. 

Tho piers and abutments should, t»f courso, be made in 
every case sufficiently strong to resist the thrust of the arch. 
In the case of small bridges, where the distance between the 
supports is sometimes as much os twenty or thirty feet, 
longitudinal scarfed girders may be laid upon the caps of the 
piles. Under such circumstaaices, as we have seen, there is 
nothing but the weight or perpendicular pressure to be pro- 
vided for; and the same may be said of timber bridges of 
greater width for roads, and even for railways, provided tho 
distance between the piers does not greatly exceed ten or fifteen 
feet. Beyond that opening, however, bridges are usually sus- 
tained by struts or tension-rods, or the roadway timbers ore 
trussed so as to exert an oblique pressure upon the supports ; 
indeed, in all instances of the kind, TThere the bays are formed 
upon the principle of compression or tension, the piers must 
be BO formed as to counteract the tendency constantly exerted 
to force them out of their j^erpendicalar position. This must 
be done either by making the piera of suffloient weight and 
strength to overcome any loroe that may be exerted againtt 
them, or else to obunterbalanoe the efforU of one bay or ardh 
acting in one direction, by a similarly acting arch or timber 
frame exerting a like amount of force in ike contrary dir4otUnu 
Tbe femer of these metkodji ?'• employed in the abutment! of 
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^ bridgOi wHlst the latter is imaiUbly adopted with respect to 
piers. 

The roadwaj of timber bridges is usually a flooring of boards 
Jaid upon the joists, for, in oases where sand and stones are 
employed, it is found that their wei^t, together with the 
humidity they engender, causes the timbere of such bridges 
apeedily to decay. This, however, is far from being a general 
rule, and many splendid ereotionB of this description are rapidly 
being destroy^ owing to a want of attention to this important 
partioalar. Some have proposed to cover the surface of the 
roadway with lead, iron, copper, etc., but the increased expense 
will be a great obstacle to their frequent introduction. Wood 
pavement forms an excellent covering for timber bridges, and 
is higldy recommended by various engineers. 

The parapet, or hand>rail, of these bridges is frequently of 
wood, or it may be of oast and wrought iron. Now, however, 


Betuming, then, to the drawing (Big. flfi), the hariscstal llitkt 
drawn is to be ihe top line of ihe croiia>beamS^ which in 
Tigs. 86 and 87 are lettered e,^ Kow, hn the front elavatidB 
these are seen in section ; but, as you will require the same 
height in the crossweotidn (Fig. 33), draw this Ike of indefl* 
nite length at once ; and tl^ system of projecting one view 
from the other is to be carried on throughout, as thmby much 
time will be saved, and greater accuracy ensured, for it is by far 
easier to continue a line at onoe than to ‘^pieoe ** it afterwards. 

Next draw a second horizontal line under the other, at sudh 
a distance from ilas to give the lower edge of the oross-pieoee, 
c, and then, having drawn the irregular Une representing the 
bed of the stream, draw the vertical lines, which will form tho 
sides of the struts, d d {seen in front elevation). 

Now, on referrmg to the oross-seotion (Fig. 88), it will be seen 
that precisely this same arrangement exists in regard to the 




that it has been shown how impor- 
tant an addition to the strength of 
a bridge the sides of a beam are, 
and that it acts usefully in the 

diroorion of its depth, if it has only sufficient breadth to pre- 
vent its yielding laterally, it ought in every case to be uiade 
•available to sustain the bridge, in addition to its present pur- 
poses of ornament and protection. 

82 is one of three bays of a wooden girder bridge, which 
is the simplest class of such constructions, oonsistiug merely 
•of beams laid across the stream and supported by piers 
formed of wooden framework, from which struts spxi^ out 
on either aide, which extend the bearing effect of the piers, 
and so d iminish the length of the girder which is left unsup- 
ported. 

In oopykg this exaiiq>le first draw a horizontal Hne, to form 
the top of i^e elevariou of one of the oross-pieoes, which, rest- 
ing on purlins, clamp the piles forming the piers between them. 

As this portion of the structure is shown on an enlarged 
«oale k 86, the lettering here given will apply to i^t 
illustraticm. a* a\ then, is the front elevation of the pile 
against whleh the struts, d, are firmly bolted, aUd on to these 
the purlins, ft are notched These struts, too, are halved cm to 
the pile at thrir upper ends, so that they clamp it between 
•t^m. This aatangemsnt is shown k 87, which Is t^ 
aide elevation. 


middle pile — namely, that it is 
olamped between two oross-pieoeB, 
and against riiese two struts abut. 
These oross-pieoes are shown k sec- 
tion k Fig. 38, the stmts being merely represented by the 
three porpendioular lines under these. They are, however, 
shown in elevation k Fig. 82, where their effect of addkg to 
the steadkess of the frame will be evident. 

The foundatbn of the pier being thus completed, next draw 
the uprights and the cross-i^ber restkg upon them. Thia is , 
shown m its full length in Fig. 33, and in section on each of 
the piles k Fig. 82. The upper line of this oross-timber will, 
of course, form the lower line of the main girders resting 
upon the oross-pieoes. Now draw the upper edge of these 
girders, which, of course, are seen k elevation in Fig. 82, and 
are represented by seven shaded 4BquanBS k Fig. 83, ^ese 
squares representkg the sectiotts of the seven ribs, which wiQ 
thus be seen to be made of square limber. Each of these girders 
rests immedktely on a pile, so that the bridge is support^ by 
seven ribs. Ycm will now draw the struts, and as these are 
here placed at an angle of 45^, you oan use your setHiquare, or, 
of course, you can find the- exact kolkation, whatever that 
may be, by measuring the distances of the upper and lorwer 
ends cif the strut from tbe right angk. These struts are now 
to be added to the oross-ssotiem (Fig. 88), from which it wlU be 
seen that they are narrower in dire^on than in the otku; 
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The horieontal line forming the top of the flooring of the bridge 
it now io be flmn, and as these planks, of oonrse, ran at right 
angles to the girdm, their en^ are shown in 82, whilst 
their leng^ is shown in Fig. 33.^ 

Fig* 34 Is . an example of a bridge in which the stmts abut 
against ceh^-pieoes, placed on the under side of the girders. 
Xh47 ^ howeTsr, . touch these centre-pieces directlj, but 


Fig. 40 is an illustratien taken from a flre-bay girder bridge 
in Gwnnainr* This is supported on stone abutments and piers, 
ibe bdaring of which is extended, first, by two saddle-pieoeB, 
the upper projecting below the under one, which, in its tom, 
projects b^ond the pier. Next, the bridge itaelf Is formed ok! 
doable girders, one above the other. Now tim tq^per one is 
supported by sWuts, which are shown in the longituddnal seo* 




crosB-tlmbers, the sections of which are shown in the elcTation, 
are placed as end-ties, and against these the struts abut. 

The heads of the piles are united by a waiing-pieoe, on which, 
over each pile, a saddle-piece rests, supported by stmts. This 
giv^ a much broader surface on which to rest the girders, 
which are scarfed at this point. 

In drawing this bridge, the system is precisely similar to that 
adopted in ^e former example, and therefore no further ex- 
planation need be given. 

^Figg. 88 and 89 are examples of scaling the girders, and of 
m methods of supporting ‘ them* The latter method is that 
wpted in the precetog study* The subject of scarfing will 
bwlajeafcedln'Hfiti^^ 


Hon (Fig. 41), and as cross-timbers passing transversely beneath 
the lower girders are bolted through to the upper ones, the lower 
girders may bo said to be suspended from those above them. 

From Fig. 42, which is a transverse seotion on the line a 6, 
it will be seen that the footway is raised to a higher leve?, 
than the roadway by means of square timbers resting on trans- 
verse beams, llie roadway is Isid npon round timbers, which 
are extensively used in Qemony. 

Although only one bay is given in the example, the student 
is*advised to draw more than this (of course to a larger male), 
as the practice thus obtained will be of great service to him. 

In commencing, rule a straight line for the bed of the river, 
and draw the foundatlonB and embankments. Next erect per- 
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pendleaUra on tlio middle ol tbo fonndttfcione, to eiot ae oentre- 
lines ioK the piers. On these perpendionliurs, mark off the 
heights of the oomioe and capping of the piers and abutments, 
and draw th^ required horiiontals ; on these, mark off the re- 
apeotive widths from the oentre-line,. and complete the piers 
l^th above and b^ow the capping. 

The profile (or side view) of the abutment now requires our 
attention, the next task being that of drawing it at the same 
slant as the aides of the piers. Now, in this bridge the space 
between the abutment and the pier is the same as &at between 
any two of the piers ; ther<ffore, measure that distance from 
emtre to centre, and from the central perpendicular of the last 
pier mark off this distance on either of the horisontals, and 
through the point thus obtained draw a perpendicular, which 
will be to the profile of the abutment as the central perpen* 
dioulars are to the piers ; therefore, proceed in the same xnanner 
to set off half the width of the pier on the horisontals, and 
thus complete the abutments. 

The double saddle-pieces resting on the piers and abutments 
are to be drawn next, and then the double girders. 

ANIMAL COMMERCIAL PRODUCTa— IV. 

BXTKiNANTiA. {continued), 

Thb skin of the lamb is made into collars, muffs, gloves, amd 
ooat<lining8. The most valued of these skins are furnished 
by Southern Russia, Greece, and Hungary. Beautiful black 
lamb-skins are imported from the Crimea, and others still more 
rich and glossy, with a short fur, from Astracan. The lamb- 
skins from Persia are known hy the curl of the hair, which is 
produced artificially by tying up the lamb,- as soon as bom, in 
a leathern skin, and thus preventing the hair from expanding.* 
These Persian lamb-skins are used for coats and other garments. 

The skin of the foetal calf is used for covering trunks. 

The principal fur marts for the English or Oahadian furs are 
London, in Upper Canada; Fort William, on Lake Superior; 
and in Lower Canada, Montreal, on the Biver St. Lawrence. 

II.~PERFUMES. 

TJie Music Deer (Moschus moechiferus^ L. ; order, Ruminaniia), 
—•This animal, which furnishes the well-known perfume called 
musk, is about the size of a roebuck, without horns, legs very 
slender, and in all its movements exceedingly active and graceful. 
The musk deer is found in herds in the mountains of Central 
Asia, and in aome of the larger islands of the Indian Ocean, 
such as Ceylon, Java, Sumatra, and Borneo. It is a shy animal, 
fond of precipices and almost inaccessible crags, and therefore 
very difficult to shoot. The musk is produced in a glandular 
pouch in the abdomen, and is peculiar to the male. It is iu the 
form of ireddish-brown coarse granules, and greasy to the touch. I 
The average quantity which can be removed from one pouch is I 
about 190 grains. ' 

Musk is known in commerce under two forms — as Tonquin 
or Thibet , musk, which is the most valuable, and Siberian, ' 
Kabardinidn, or Busiuan musk, of inferior quality. The Oriental 
or Tonquin musk, from Cochin-China and Tonquin, is imported 
in small oblong, rectangular boxes, which are lined with lead, 
to prevent the escape of the odour ; the musk bags, wrapped 
in ‘^n blue or red paper covered with Chinese characters, ore 
placed in these boxes. These musk bags are usually covered 
with hairs, which all converge towards the little narrow opening 
in the bag. The weight of each bag varies, some not exceeding 
half an oonoe, whilst others weigh upwards of two ounces. 
Large numbers of musk deer are annually killed. The annual 
import of musk into the United Kizigdom is upwards of i 
10.000 ounces. * 

Besides these uses, musk also possesses valuable remedial 
qualities. When genuine, it is one of the most powerful of 
the anti-spasmodics, and is applied with advantage in oases of 
infantile spasms, when not accompanied with infiammation.. 

Civet Cat {Viverra civeffa, Gmelin: order. Carnivora ), — ^A 
native of Northern Africa, and especially common in Abyssinia, 
allied to the pole-cat and marten. Body from two to three feet 
long, and from ten to twelve inches high; tidl half as long as Uie | 
bo<^. This animal yields a perfume which is thus obtained : — | 
The oiveit when captured, is enclosed in a small cage, in which; 


it cannot turn round, and while thua confined, the seoretioii 
ia removed from ita large anal pouch two or three times a 
week with a ipoon or spatula. The interior of the pou<ffi is 
glhndnlar, the glands secreting the perfume firom the blood 
of the an im al. The auhstaaoe itself is of a palo-ydlow colour, 
and of the oonsistenoe of honey. It is not mdike musk, and to 
moat persons smells disagreeabfy ; but when ndxed with butter, 
wax, lard, and alcohol, in the proportion of 1 part to 1,000, 
it loses its offensive character, and'beoonfeS aromatio* Akid 
delicately fragrant. Thus prepared it is used in perfume]^, 
and when employed renders more perceptible other scents witii 
which it is mixed. Lavender and other scented waters become 
more agreeable by the addition of minute quantities of civet. 
The substance is not so much in use now as formerly ; never- 
theless, there is still a considerable consumption of it in 
country, and as much as forty shillings an ounce is paid for it. 

Viverra eiheiha is another species of civet oat, peculiar to the 
Asiatic continent, and found from Arabia to Malabar, and in 
the larger islands of the Malayan Archipelago. It is much 
milder in its disposition than the African species, and is domes- 
ticated by the Arabs and Malays. Our supplies of civet are 
also derived from this animal, although to a less extent than 
from the African species. 

Castoreum, whioh strongly resembles musk in its medioinsl 
qualities and applications, is furnished by tho beaver (Castor 
fher, L.). This substance is secreted in tho interior of a little 
bag or pouch, with which the beaver is supplied. It ia brought 
to market, like tho musk, in the pouch. Tho best Castoreum 
is that from Russia and Siberia ; a very good quality is furnished 
also by Poland, Prussia, Bavaria, Germany, Sweden, and Norway ; 
an inferior kind oomos from Canada and the territories formerly 
belonging to the Hudson’s Bay Company. 

Amhergris . — This substance is obtain^ from the sperm whale. 
It is an expensive drug, because not frequently found, and is 
valued on account of the excellency of its fragrance. Amber- 
gris is a morbid or diseased concretion formed in tho stomach, 
or probably in the gall-ducts, of the sperm whale, in masses of 
considerable size, sometimes weighing thirty or forty ponnds. 
It ia usually found floating on tho surface of the water, probably 
disengaged from the floating body of one of these monsters,' 
and is rarely sought for in the intestines of the sperm whale, 
although it is worth a guinea an ounce. It is fished up in the 
Indian Ocean, near the Moluccas and Philippine Islands ; also 
near Sumatra, Madagascar, and on tho coast of Coromandel. 
In the Atlantic Ocean it is found near the West Indies and the 
Brazils. Ambergris is used as a oostly frankincense, principally 
for perfumes, especially in France. It has also the property of 
increasing the power of other perfumes when mixed with them, 
and it is principally for this purpose that it is used. 


OPTICAL INSTRUMENTS.— I. 

By Saicitxl HiaHiXT. 

SPECTACLES- "THE NOBMAL BYE. 

One of tho first offices the optician is called on to perform is to 
aid humanity, when through age, defect, or absolute disease, ilie 
organs of vision deviate from tho very perfect optical arrange- 
ment that characterises the normal eye. 

The Normal Eye , — Every perfect (or as it is teobnioally 
termed, normal) eyo possesses tho power of “ accommodation^"^ 
that is, of adjusting itself for different distances, now looking 
at something near, as a book at reading distance, then at some 
far distant object, presently taking in at a glance the range of 
ah extensive view. 

In a normal eye the whole apparatus of accommodation is 
so beautifully balanced, its functions performed with such ease 
and accuracy, that although in reality a voluntary act, its 
duties are from early chil^ood fulfilled intuitively, imperoep* 
tibly, and unconsciously. 

A familiar exemplification of the power of accommodation 
may be made by placing one object at a yard distance from the 
eye, and another at six yards beyond it ; on looking intently at 
either we are ctynscious of the presence of the other, but we do 
not discriminate ita details ; on fixing one, we lose the definition 
of the other. Again, if letters of a book, held at some 
distance from the eyo, be looked at through a gause veil placed 
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neMor the eye, it will be found that when the letten are leen 
^tinptly ^ veil will be seen indiatinotly ; and oonTersely, if 
the veil is seen di8tmotly» the letters will be seen indiitinotly. 
These experiments demonstrate that images of objects at 
different Stances f»nn the eye oannot be defined at the tame 
f ime upon the retina. 

The human eye is a camera obsoura, famished with an achro- 
matic lens, compounded of three principal parts, namely, the 
a>queous hwnkotvr, h (Fig. 1), held in place by a transparent 
'bomy capsule, ^e cornea^ g; the crystalline lens, n, the 
priooipal refracting medium ; and the vitreous humour, q, which 



constitutes the main body of the eye, in which optical combina- 
tion the iris, m, placed between the aqueous humour and the 
crystalline lens, plays the part of a self-adjusting diaphragm ; 
the circular opening or “ stop ” in the pupil ex^and^g when 
the light is feeble or the object viewed is distant, and contract- 
ing as the light becomes more and more intense or when the 
object viewed is near. This compound Ions projects an inverted 
image of an object on the retina, o, which corresponds to the 
focussing glass of the photographer’s camera. The retina is a 
delicate and sensitive network of nervous filaments springing 
from the optic nerve, x, that conveys to the brain the impression 
of an imago focussed on the retina. The sclerotic, h, a tough 
white membrane, forms the wall of the eye, and corresponds to 
the rigid box of a camera, and to this wall are attached the 
* various muscles that (liko the hands of the photographer) direct 
the eyeball to tho object. The sclerotic is lined with a delicate 
membrane, tho choroid, e, coated on its inner surface with black 
colouring matter (pigmentum nigrum), shown behind o, which 
serves the same purpose as the black paint or velvet on the 
inside of a camera, viz., to reduce to a minimum all internal 
reflections. 

So far the comparison between the eye and a camera is perfect, 
but hero tho parallelism of properties ceases. In the ordinary 
camera the image of an object is received on a fiat plate of glass; 
but, as a consequence of every lens being subject more or less 
to the defects of spherical aberration, if the central portion of 
the object is perfectly depicted on the screen, the marginal 
portion will be distorted and indistinct, through tho marginal 
rays emanating from that object being blurred by the focal 
point falling short of the focussing glass; conversely, if the 
marginal rays are brought to focus on tho screen, the central 
portion of tho image will become indistinot through being out of 
focus. In tho human eye, however, the retina being the most 
perfect form of focussing screen that could be designed — ^viz., 
hemispherical or basin-s^ped — ^the delineating rays fall on its 
surface in the precise ratio of their lengths. 

In tho above general description of the component parts of 
the human eye it is stated tl^t the oxtomal walls or sclerotio 
correspond to a rigid camera, that is to say, one wherein the 
box is not made with a telescopic draw, to obtain facility 
for focuBsiiig near and distant objects. In a telescopic 
camera, on pointing the lens to a near object, we have to 
draw the focussing glass away from the lens to secure a 
sharp image on the ground-glMS screen (or retina of the 
camera), while on pointing to a distant object we must push 
the screen nearer the lens to obtain the same result. Now it 
bdffht be impposed that the act of focussing (or power of “ ao- 
comme^tion,’* as it is termed) was obtained through the 
elasticity of Ihe walls of the eyeball (acted on by sympathetic 
muscular power), in the one cose elongating, in iho other con- 
noting in length in the direction of its axis ; but this is not 
the case. Grout has been the disonssion among physiologists 


us to the exact means by which the aocommodacion of the eyo 
to far and distant objects is really effected, bat general opinion 
at the present day is in favour of the view that it is ttecough 
curvature of the crystalline lens being inoreased when near 
objects are viewed, and decreased wlmn distant objeets are 
observed, and further by its change of relative distance between 
the iris and retina, ^ 

The experiments of Dr. Young on persons deprived of tho 
crystalline lens, and who were thereby incapacitated from 
foenssing their sight, seemed to put the question of the power 
possessed by this portion of tho eye beyond dispute ; wMle the 
subsequent investigations of Cramer and Helmholtz have 
definitely settled it. 

VHien the normal ej^ in a state of rest is adjusted for an 
object, D, at an injiniie distance^ (at or beyond 18 feet from 
the eye), the rays emanating from such an object bmng parallel 
are brought to a fooui on the retina (as shown at i, Fig. 2) 
without sary effort of accommodation ; but when an object is 
viewed at a Jmite distwnce, n (say, 12 inches from the eye), the 
rays emanating from such an object becoming then divergent, 
they will no longer be brought to a focus on the retina, but to a 
point behind it, as at /(Fig. 2), if the eye does not undergo some 
change which will increase its refractive power, and bring these 
divergent rays to a focus upon the retina. The normal eye does 
by its power of accommodation effect such a refractive process, 
and, as Helmholtz found, by means of his ophthalmometer, in the 
following manner : — 

1st. The pupil diminishes in size. 

2nd. The pupillary edge of the iris moves forward. 

drd. The peripheral portion of the iris moves backwards. 

4th. The anterior surface of the crystalline lens becomes more 
convex (and so acquiring a higher power of refraction, 
and consequently a shorter focal length), and its vertex 
moves forward. 

5th. The posterior surface of the crystalline lens also becomes 
slightly more arched, but does not perceptibly change its 
position ; the lens, therefore, becomes thicker in the centre. 
And from calculation he found that those changes in the crystal- 
line lens are quite sufficient to account for all accommo^tive 
purposes. 

The diagram in the next page, after Helmholtz (Fig. 8), 
shows the changes which the eye undergoes during accommoda- 
tion. Tho anterior portion is divided into two equal parts : the 
ono half, i, shows the position of the parts when the eye is 
adjusted for distance ; the other, F, when it is accommodate for 


Fig. 2. 

near objeets. When the eye is in a state of rest, the iris fon^ 
a curve at a ; when aooommodatod for near objects, the fibres of 
the iris become contracted, the periphery of the iris straightened 
at h, and the anterior chamber len^hened, thus making up for 
its loss in depth, through the advance of the anterior si^ace of 
tho crystalline lens. The anatomical mechanism by which this 
accommodation is effected is yot an open question, but as it is 
one of physiologioal rather th^ optioid importance, it need not 
be heroin discussed. 

* The rays emanating from a fSr distant object, such os the sun, 
moon, or a star, are regarded optically as parallel, hot praotioally, even 
when an object is only placed at eighteen or twenty feet distance, 
the rays from it, though really divergent, arc yet so slightly so, that 
to all intents and purposes they impinge parallel upon the eye. We 
therefore consider rays coming from sn object further than eighteen 
feet as parallel, and emanating from an object at an infinite distcmee, 
On the other hand, rays coining from a nearer object fall npon the 
eye in a divergent dirmtion (the divergence being iu proportion to itt 
proximity), and ore then considered os coming kom a /ntte distance. 
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. It in^aumdd that when the normal eye la in a etate of rubber tube with a glaaa otq? ‘t&at the ^ye while 

ahaplnlbe rest^ parallel zaye (emanatmg from objeote at on ; being and to thie Oop anoiher tkbe ia attached to oarry 
intoi^ diataittie) axe bron^t to a foona on the rettno) and th^ off the Hqnid into a baain. iVhere the eye ia to be anbjeoted 
a positive change in the aoeoinxBodatiTe apparatus of the eye ia j to the influence of stimulating vapoura, a stoppered bottle, oon- 
.only xequired ior objeeta at a finite dietanoe t but it ia thought i atruoted with an OYal<*Bhaped oup to fit the aoohet of ^e eye ih 
by aome ophthalntiati that the aye when in a state of rest is i employed. 

adjusted neii^er for its far nor for its near poin^ but for a optician ia frequently requested to supply eye^ghuBaes or 

diatanoe between the two, and that adjustment for either nearer apootaolM to persona who, they aoor diaoover, ate in no way 
or mcnre distant objects neoesaitates an effort of acoommodation. affected in their organa of yision— •in fact, are blessed wi*^ a 
Such apthoritiea the adjustment for near objects poeiiiue, normal eye. As a rule, auch individuals desire what may bo 
j and thfdi for distant objeota nega* called a dandy glass to stick 


ftva acoommodation* 

It may be here noted that 
every eye has its *^hlim.d spot/* 
wMch is situated at the point 
where the optic nerve enters the 
qye, and from which it ramifiee 
to form the network of the re- 
tina ; and { if the image of ■ an 
object is made to fall upon that 
epot it will be invisible, as the 
punctwn coBCumt as it is called, 
is insensible to the action of light. 
This may be proved in the fol- 
lowing manner : — Lay two black 
wafers on a sheet of white paper 


in their eye-sooketa, with which 
to assume a supposed fashion- 
able appearance, and further, that 
this shall be supplied at the 
lowest possible price. The article 
best suited to meet the want in 
such oases is a disc of plana 
white glass with a hole drilled lu 
it for the insertion of a thin silk 
cord, by which it can be at- 
tached to the person. It need 
scarcely be stated that such a 
glass must be perfectly devoid 
of all optical properties. In 
other and nimilar oases speo- 


threo inches apart, and at a distance of ten or eleven inches, taoles are desired to gdv’o the wearer a thoughtful or learned 


bring the right eye exactly over the left-hand wafer, so ihat the 
line joining the two eyes shall be parallel to the line joining the 
two wafers. On closing the loft eye, and looking stehdily with 
the right at the left-hand wafer, the right-hand one ceases to 
be visible, as in this position its image falls upon the ** blind 
spot.” 

As the normal eye performs its delicate functions to perfection, 


appearance; in such instances two plain glasses (not lenses) 
are required instead of one, which might be called ** snob 
glasses.*’ In rare oases it may be found that aged persons of 
good constitution are desirous of purchasing a pair of spectacles, 
not from any absolute shortcoming of sight, but from a notion 
that as friends of similar or greater age required the optician’s 
aid, they also ought to wear them. In such instances the 


it ia evident that the interference of the optician can never bo applicants may be tested with oonvex and concave lenses before 
required, excepting to give relief when the organs of vision are the real state of tlio case' is discovered, as they see better with 
weak or suffering from inflammation, in which case an ordinaiy the naked eye than with spectacles of the lowest power. The 
spectacle-frame fitted with a flat piece of tinted glass may be proper course is to state that spectacles would do more harm 
famished to the patient ; or when it is necessary to carry this than good, a piece of advice that would be quite thrown away 
protective appliance to gr^eatcr perfection, a frame may be in the former cases. 


supplied with what are called ** glazed wings , shown in Fig. 4 , 
while the most perfect guard is to bo found in a frame fitted 


Range of Accommodation . — ^When the eye has assumed its 
highest state of refraction, it is accommodated for its nearest 


with tinted glasses and a shield of fine black gauze that fits point of distinct vision ; when, on the other hand, its state of 


close around the socket of the eye, shown in Fig. 5. 


The glass employed in the construction of these “Pro- fwrthest point. 


refraction is relaxed to the utmost, it is adjusted for its 


teotors” may be obtained of various colours and tints, green 

•od ^blue bc^ but the tint 

yet idlows tlm 


The distance between the furthest and nearest point of 
distinct vision is called “ the range of accommodation.** 

As increase in the convexity of the crystalline lens is limited. 


teltal /bine, the its power of accommodation for near objects is also limited. 


inAoeifliiits. 

this ' ' natmn 

, they may i 



rcoohifflbiided^ to | years. 


and the “ near point ’* cannot be brought nearer than a certain 
distance to the eye. In normal eyes the nearest point of 
j distinct vision lies at about 3 f inches to 4 inches from the eye ; 
this varies, however, according to age, for the near point re- 
cedes further and 

further from the • ^ 

eye with increasing 


those who have re- 
ceived injury to 


Where profes- 
sional oconpation, 


the eyes, in order such as engraving, 
to disgniise the dis- | needlework, etc., 


figrurement. 


necessitates 


In violent or in tinuedworkotnear 
Ilg. 4. chronic inflamma- objects, the near Fig. 5. 

tion of the eyes the point for distinct 

eptadan is often applied to for a shade that will give more vision lies at about five inches from the eye. Few eyes, it should 
ventilation than the home-made article will allow of ; the best be observed, can bear to work for any length of time with the 
arrangement is one wherein the shade is supported on the object nearer than this. 


head by a metal frame in such a manner as to throw the 
upper edge of tha shade slightly from the forehead so as to 
allow a ouirent of air to pass over the eyes, while by a pivot 
attached to the frame the shade can be thrown back when 
aeoessary. 

The -o^cian is also often required to furnish an “eye 
douche, “ by which the organ can, in certain oases of irritation 
ox weakness, be bathed. These usuaUy consist of on elastic 
syringe, by IfMch water or medicated liquid .can be projected 
on jlm eye^iiriik of f oxoe^ ooxweeted by, an india- 


The farthest point of distinct vision in the normal eye is at 
an infinite distance. The amount of this “ range of accommo- 
dation” varies according to the strength of the oiliaxy muscles, 
the elasticity of the crystalline lens, and other minor causes. 
It is most important that the optidan should carefully determine 
tile “ range of acoommodation ” for each patient according to 
the method hereafter given, as it affords a means of safely dis- 
covering^ whether the eye is normal, presbyopic, hypermetropic, 
or myopic, and the kind of lens* exa^y suited to each partionlar 
case, together with the most suitable focus for such lens« 
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CIVIL ENGINEERING.— IL 

Sr X. e. BABTHOLOMtXW, O.X., X.8.X. 


DBAINING. 

WoBXS of draixAgd are of two Muds . — let. Those which relate 
to ^e reoUunation of land from the enoroaohmenta or aoon- 
mnlation of tidal and other large bodies of water. 2nd. Those 
sdiioh relate to removal of sewage from towns. As respects 
agricaltnral drainf^~*by which we mean the improvement of 
tie soil by the removal of mere surface moisture— as it does 
' not come within the province of Civil Engineering, we shall 
make no further allusion to it. 

The value of the land overflowed by tidal waters, or by waters 
subject to rise and fall through flo(^ and drought, is idmost 
always very considerable, owing to the marine or alluvial de- 
posits which remain upon the soU. Some of the component 
parts of sea-water are highly fertilising; indeed, in many 
districts, especially in Scotland and Ireland, sea-weed forma the 
only manure employed by the former. Hence it has been found 
worth while to expend vast sums of money in order to shut 
out the water, and to drain the soil over which it had spread. 

It is a matter of no ordinary difficulty to contend againat 
the variations and alternations of pressure produced by water 
whose level is perpetu^y and rapidly changing. This difficulty 
reaches its maximum in the case of tidal waters, especially of 
such tides as are experienced upon Britiah shores, where, in 
less than the space of 
twelve hours, there is a 
rise and fall of from 
fifteen to twenty-four 
feet. The immense rush 
of water in or out of any 
passage communicating 
with the tides, renders 
the greatest caution ne- 
cessary, lest the barriers 
intended to withstand 
the pressure should be 
carried away before being 
sufficiently consolidated. 

And yet in the face of 
these engineering diffi- 
culties, a vast portion of 
the low land in Holland 
has been reclaimed from 
the sea; and in Eng- 
land upwards of half 
a million of acres of land in Norfolk overflowed at one 
period by the joint action of the sea, and the rivers Witham, 
Welland, Ouse, and others, have been converted into some of 
the richest agricultural districts in England, from being, at one 
time, pestilent marshes. How these particular results wore 
brought about it is not our purpose to explain ; our object 
is rather to state briefly the usual course adopted in operations 
of this kind. It is not, however, possible to lay down any 
rule of action, since each operation will require some special 
arrangements applicable to the particular locality ; these matters 
must be left to toe discretion of the engineer. 

Before commencing a main barrier of any kind, whether of 
piles, earth, or caissons, it is desirable to ascertain, by a careful 
'Survey of toe flooded districts and an examination of the levels, 
how far a judicious arrangement of canals and ditches may 
not avail to carry away a large amount of water by the mere 
effect of gravity, and also whether or not an ordinary dyke 
or bonk of earth, stretched across a back-lying portion of 
drowned land, may not successfully diminish its area, and thus 
render less difficult the final operation of closing the entrance 
to the tide, when this bas been reduced to a minimum by sub- 
sequent operations. These simple operations will frequently 
save an immense amount of labour, for it is obvious that the 
lor^r toe area of the submerged l^d, toe greater will be the 
of toe tide as it flows over it. 

V. banks are erected across a flooded distriot- they 

should be constructed with aluiceM or fiood^gateSf which can be 
opened or dosed when required, so that advantage maybe taken 
or a Idim state of the water-level upon toe tidal or outlet 
ccesB upon toe land side. It is also of 
•elf-aotix^ sluices or outfalls, which ace 


IIS 

simply strong doors or flaps of timber, irem-hinged at theis 
upper edge, and opening ox^ outwa/rda, so that whenever toe 
level is higher upon the land side, the greater pressure of water 
automatically opens these doors, and a discharge continues 
until uniformity of level is gained, when toe doors dose by 
their own weight, and falling againat a aUl, effectually prevent 
the return of the discharge water. These slnicet, to be of 
most service, must be constructed low down in the dyke, and 
being usually out of sight, toould be oonstiruoted with great 
care, as sny derangement in them would cause disastoons 
results. 

It frequently occurs that an accumulation of fresh water 
arises from the simple overflow of a river during heavy mid 
ooutinuoua rains, or a sudden thaw. Such floods are of fre- 
quent occurrence in the south of France, and cause serious loss 
of property and life. The remedy in this oase is simple and 
obvious, although it may involve a considerable outlay. The 
banks must either be raised and strengthened, or toe channel 
must be deepened and widened, or additional ohannels must be 
out; the end being in eitoer case gained when toe sectional 
area of the water-course is equal in every point to the volume 
of water which has to pass it in a nnit of time. 

In the oase of tidal waters, toe operations are very difficult; 
the rush of toe in-flowing water at every flood-tide, and of 
the outflowing at every ebb, and the consequent scour pro- 
duced by this rush, has to be met, and the smaller the opening 

or gap, as compared wito 
the tr^t of land covered 
at each tide, the greater 
will this rush be ; and it 
is only a barrier far more 
substantial than it is 
possible to place acrose 
any large opening, in the 
short period allowed be- 
tween tide and tide, that 
will suffice to withstand 
the force of the current 
in the tide-way. Hence 
it is neoessary to reduce 
the width of toe tide- way 
to a minimum before at- 
tempting to close it. The 
most substantial barrier, 
and the cheapest when- 
ever it can be employed, 
is earth; but this is nse- 
less to stop an opening through which a violent rush of water 
ooonrs, as the soil will be carried away as fast os it is de- 
posited. Earth can, however, be safely and advantageously 
employed as a base for further operations ; using it in all oases 
where the flow of water is inconsiderable, and thus gradually 
narrowing the tide-way. When this embankment (strength- 
ened acoording to discretion with piles) has been earned as far 
as it can be wito safety, there tiien remains the tide-way to 
close up. 

There are two methods of doing this. If the depth of water 
in toe channel will admit of it, a double semi-circular or onrved 
row of piles (p p p, Fig. 1) may be driven at short intervals 
apart across toe opening, leaving a space (s s a) of twelve or 
eighteen inches between the two rows, which are to be 
strengthened by cross-ties, braces, and stmts (t t r). 

The curve must be outwards, and toe driving of the piles 
should commence from each side and finish in the centre. At 
the ends of the curve, the piles abut upon other piles driven 
closely together, and forming a protection for the extremities of 
the earthen dyke, which would otherwise be sabjeot to injury 
by toe scour of the water. Barges of stiff, broken clay and 
stonea should be floated near the outside of the piles, and plenty 
of labour ought to be at hand in order to take prompt advantage 
of toe moment of low water. The clay and stones must then be 
rapidly shot into the space between toe rows of piles ; and if 
the organisation of labW 6e good, it will be quite possible to 
ke^ pace wito the rise of the tide in toe deposit of the sofly 
and even to impart a oertain degree of solidity to it by rammin g. 
Such a barrier has toe elements of great strength in it ; and 
although it may not be altogether impervious to wato, it will 
suflloe to prevent any oonsiderable flow, and will entirely stoi 



Fig. I.—BARBIER AT THE MOUTH OP A TIDAL BASIK. 
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n TXkuh or toour, thus enabling the permanent embankment to I 
be completedi after which the piles can be removed. | 

The plan we have indicated will not, however, avail in all 
oases. The depth of water in the tide-way may be too great 
to a^it of piles being sank sufficiently deep into the soil to 
gain a firm standing, or the area of the land overflowed at 
every tide nmy be so extensive, that it will be found impossible 
to narrow the tide-way by a continuons earthen emblement 
sufficiently to admit of a barrier of piles withstanding the 
pressure. 

In such oases the following course may be adopted :-p<-Let the 
embankment contain, at frequent intervals, large flood-gates, 
constructed during the progress of the work, which can be 
opened and shut at pleasure. When the gates are open, the flow 
of the tide is spread over an opening equal to the joint area of 
the space between the extremities of the embankment and that 
of the flood-gates, and will, consequently, be less in tlxe un- 
finished opening when the gates are open than when they are 
closed. The scour of the tide being thus reduced, the embank- 
ment can be continued until the space of the tide-way is reduced 
to a point sufficiently narrow to admit of the same course being 
adopted as shown in Fig. 1. The embankment can then bo 
completed, and the gates being closed at low tide, the level 
of water over the enclosed space will be proportionately re- 
duced. 

Under almost all conditions of the drainage of flooded lands, 
a surplus of water will remain even after all communication 
with the tide has been out off, and this surplus must be removed 
or kept under by pumping. Wind or steam power may be 
necessary, indeed loill be, if the submerged district is ex- 
tensive. 

The better kind of pump for the purpose is the “V,*’ the 
** chain,” or the ** eentrffugal,” as the grit which enters the 
pump with the water is sure to act detrimentally upon the 
ordinary barrel and bucket pump, destroying the leather, and 
choking the valves. 

Constant attention must be paid to the duices, ** clows,*’ 
and gates, owing to the great pressure they a:^ frequently sub- 
jected to, and in consequence eff the serious results which would 
ensue from their failure. An idea of the pressure exerted by 
water, when any considerable difference of level exists, is formed 
by the fact that, at the mean height of the tide --sixteen feet 
above low- water mark — the pressure exerted upon each square 
foot of surface at the bottom is 1,152 lb., and half this, or 
576 lb., represents the actual mean pressure exerted by a high 
tide upon every vertical square foot of an embankment. 

The magnificent stone embankment which has been constructed 
on portions of both the north and south sides of the Thames, and 
which has for its object, among others, the narrowing of the 
channel in order to cause a greater scour of water to remove 
the accumulated mud, was carried out behind a protecting wall 
of closely-fitting piles, in one portion, and of cast-iron shields, 
dovetailed together with piles, in another. The percolation or 
water from i^e river, which was considerable, was kept under 
by steam-pumps. The granite wall was completed behind the 
wall of piles, and soil afterwards ” tipped” into the space on 
the land side. The foul black mud has thus been buried, 
and the space it formerly occupied devoted to a splendid 
carriage way, a subterranean railway, and one of the principal 
culverts connected with the main drains^e system of tlie 
Metropolis. 

.'yanUary Drainage.— But one opinion can exist ae to the 
ueceasity for removing sewage from the vicinity of an inhabited 
iistrict, although a variety ci opinions are held as to the best 
mode ot disposing of it. It is foreign to our purpose to adduce 
the various arguments which have been rai^ for or against 
any particular system of drainage, and we shall merely state 
what are the various plmis adopted. 

I. We consider the most desirable plan, when practicable, is 
entirely to remove the offensive matter as far as possible hvm 
the inhabited locality. This plan has been carried out at great 
expanse in the drainage of Lemdon. 

In all oases of sanitary drainage it is neoessary to provide 
for the passage of rain-water as well as of mere sewage. An 
eatimats of the rainfall in any particnlsr locality* fon^ by 
taking an average of a sucoesi^ ot years, is hardly sufficient ; 
it is better to seleot the maximum rainfall in one day of a 
series of years, and provide an excessive area in the onlverta lor 


such a maximum, so that no danger from the flushing of the 
sewers shall arise, even during a period of flood. This question 
was very carefully considered in dealing with the main drainage 
of the Metropolis. 

To reduce Ihe amount of pumping to a minimum, it is de- 
sirable BO to arrange the levels of the sewers as that as much 
as possible of the sewage shall pass away by gravitation. If 
the area to be drained were either a uniform level standing a 
definite height above the river or sea into which it is intended 
to discharge the sewage, or stood upon w regular slope down 
to the point of disoh^ge, no pumping would be needed ; but 
when the ground is uneven, and some of it lies lower even than 
the level of the outfall, it will become neoessary to pump the 
drainage from the lower levels into the higher, ' from which 
I alone the discharge can be effected. How berii to arrange 
these levels is a question of the highest moment in planning 
out the positions of the sewers. 

The uneven nature of the ground occupied by the Metropolis 
necessitated three different lines of sewers, each occupying a 
different level. These, known as the High, Middle, and I^w 
level sewers, are thus arranged : — ^Upon the north side of the 
Thames the three lines converge and unite at Abbey Mills, 
near Bow, where the contents of the Low Level are pumped 
into the Upper Level sewer, and the aggregate stream carried 
across the marshes to Barldng Creek, through the northern 
outfall, and there discharged into the river at the period of 
high water. The theory involved in this arrangement is, that 
as the flow of water towards the sea consists, during the period 
of ebb tide, of the land water plus the tidal water, the period 
of ebb tide is longer than the period ot flow; hence any object 
free to move up and down the channel of the river by the 
action of the tide, will be carried nearer and nearer the sea 
at each successive tide. Such occurs with the sewage. It is 
retained in an immense reservoir near the outfall, until the 
period of high water, and then discharged during a oertain 
time, the time at which the discharge is stopped being regulated 
by the state of the tide *, the reservoir^ being arrang^ to con- 
tain an accumulation of eleven hours* sewage. The great object 
is that the sewage, after its discharge into the river, shall never 
be brought back by the action of the tide to the Metropolis, 
and this is entirely effected by placing the outfalls from 
twelve to thirteen and a-half miles by river below London 
Bridge. 

The section of the sewers is for the most part oircnlar, as 
combining the greatest strength and capacity with the least 
cost of labour and material. 

The smaller and subsidiary branches are egg-shaped, in order 
I to obtain the greatest scour with a minimum amount of flow, 
i This shape was adopted by the Bomans in the Cloaca Maxima, 

' which drains the whole of Borne as well as the Campagna. 

\ This culvert is fourteen feet wide and thirty-two feet high, and 
its area is nearly sufficient to drain the whole of the metro- 
politan district. Its section manifests a considerable knowledge 
of the power of deep water for scouring the bottom of a sewer, 
and thus removing iie deposits. 

The metropolitan culverts are for the most part oonstructed 
of brickwork set in cement. Their area varies from four feet 
diameter to nine feet six inches by twelve feet. The thick- 
ness of the brickwork also varies from nine to twenty-seven 
inches. 

The necessity for maintaining a nearly uniform grwlient 
in the lines of sewers, and more particularly the necessity of 
making the gradient always in one direction^ compelled l^t-m 
to be carried over or nnder every obstacle. As an instance of 
this, we may state that the Middle Level sewer, on the north 
side of the river, is carried over the Metropolitan Bailway near 
Farringdon Street by a wrought-iron aqueduct of 150 feet 
span ; its weight being 240 tons. 

A similar system of drainage is carried out on the south 
side of the river, the convergence of the three levels being at 
Peptford Creek, where also is situated 'the pumpi^-engine 
for raising the sewage from the Ltow Level to the High L^el 
sewer, a height of eighteen feet. The southern outfall passee 
thence to Crossness, about one and a*‘half miles farther down 
the river than Barldng Cxeek, 

We append a summary of the principal points of engineering 
interest in this great work. The total cost of the main drainage 
works is estimated to reach a totsl of j 64.100,000, a sum rais^ 
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t)y loon, an^ paid oif by a $d. rate leriad on the Metropolis, 
prodnoin? Jei80,262 per annmn. It will have taken forty years 
to pay off both principal and interest. • 

There are 1,800 miles of sewers in London, and eighty^two 
miles of sewers; 818,000,000 bricks, andy880,000 cnbio 
yards of oonozete have be^ consumed; and 3,800,000 cubic 
yards of earth have been removed in the progress of the work. 
The total pumping power empli^ed is 2,380 horse-power 
nominal, and the consumption of coal is about 20,000 

tons. 

The sewage on the north side of the Thames is over 
10,000,000 cubic feet per day, and over 5,000;000 on the south 
side. In addition to this, provision is made for 28,500,000 
enbic feet of rainfall per day on the north aide, and 17,250,000 
on the south side ; l^e tot^ being equivalent to a lake fifteen 
times as large as the Serpentine. The reservoir at Barking is 
16| feet deep, and covers an area of about acres ; that at 
Crossness, with an equal depth, has an area of acres. 

The importance of this great engineering work cannot be 
overrated. It has totally changed the sanitary condition of 
large areas of the Metropolis ; and has effboted an improvement 
in a sanitary point of view of which the cost of the undertaking 
affords no criterion. 

We have entered somewhat largely into the detaila of this 
work, as it forms the beat example of that system of drainage 
which aims at conveying away bodily the refuse matter. 

II, Many persons are of opinion that to convey away and 
discharge into a river so enormous a quantity of sewage is a 
twofold evil : it poisons the water, and wastes a valuable fer- 
tilising agent. Those who hold this opinion differ, however, 
as to ^e manner in which they would treat the sewage. In 
some instances, as at Croydon, the sewage is applied to the 
entire level surface, irrigating the plants or grass at once. 
In other oases, as at Romford, the ground is intersected by 
numerous shallow trenches, into which the sewage is pumped, 
the plants being embedded in the soil adjoining the trenches. 
The sewage thus passes to the roots through the medium of the 
soil. The whole district thus irrigated is itself drained, and 
the effluent water pumped back into the trenches. There can 
be no question as to the value of sewage for agricultural pur- 
poses. The sewage of London is estimated as worth jB 1,500,000 
annually. Its value, as shown at South Norwood, is suoh, that 
over fifty tons of Italian rye- grass have been grown to the acre 
in each year, worth from iSO to je40. This gross has been pro- 
duced from six* successive crops in the twelve months, and the 
aggregate length of the blades is equal to fifteen feet. At the 
same time it is asserted that the sewage, after being thus 
atilised, is actually as pure as the water supplied by some of 
the Metropolitan water companies, in the proportion of organic 
matter per gallon. 

III. There is another system adopted, which may be men- 
tioned. Leamington and Hostings are tlic chief localities 
where this system has been carried out. It is known as the 
“ABC” process. Under ^his system the sewage is first 
deodorised and precipitated, the effluent water being allowed to 
pass away into the sea or river, the solid residuum being 
utilised as manure. 

The “ A B C *’ is a patented process, and obtains its name 
from the initial letters of the throe prinoipal ingredients used 
in the process of defecation, alum^ bloody and clay. Other sub- 
stances are employed : for instance, the sulphate or carbonate 
of magnesia, manganate of potash, chloride of sodium, animal 
and vegetable oharooal. A mixture in certain proportions of 
these substances is added to the sewage so long as precipi- 
tation takes place; the average quantity required being 4 
pounds of mixture to 1,000 gaUons of sewage. The partially 
dried precipitate has a small quantity of f " huric acid added 
to it to fix the ammonia, and it is then regarded by the patentees 
as a valuable manure. 
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siLioiouB SUBSTA.NOBS (continued). 

Sbbpbktinb, 80 called from the supposed resemblance of the 
mineatal the skin of a serpent, is a silicate of magnesia with 
adventitious admixtures of lime, alumina, iron, chromium, etc., 
and occurs m a rook or in association with other minerals 


oonstitnting rook masses. The west of Mayo and Galway ore 
remarkable for their serpentine rooks, which afford the beautiful 
variegated green and white varieties worked into pilasters, 
oolnmns, etc. Serpentines and serpentine limestones of great 
beauty and excellent quality are also quarried in different 
parts of the county of Cornwall, the Shetland Isles, Canada, the 
United States, Italy, etc. , 

Basaltic and kindred rooks^-greenstone, whinstone, and trap 
— are intrusive rooks, for the most part felapathic. Some of 
these ore well adapted for building, but their great use is for 
paving and macadamising roads, for which purposes they are 
unrivalled, llie oolnmnar structure of basalt is in some places 
taken advantage of for the construction of stone posts and 
window-sills. These rooks are abundant in many parts of 
Scotland, and occur also in Ireland, various districts of Ger- 
many, and Nova Scotia. 

Lava, a volcanic production, is often similar to trap, and 
equally nsefnl. It occurs in recent and extinct volcanic dis- 
tticts. Obsidian, a volcanic glass, usually black, and somewhat 
resembling the slag of a glass furnace, is found in Mexico, 
Central America, Pern, Iceland, etc. Pumice-stoyie^ a well- 
known porous and extremely light stone, used for polishing, 
etc., and Pozzuolano and iross, silioious earths much used to 
mix with limes for hydraulic cements, are also volcanic produc- 
tions, of which the chief mineral ingredients are augite and 
felspar. Pumice-stone is quarried in the small islands that 
lie off the coast of Sicily. Pozzuolano and trass are obtained 
from Italy, and from many districts of France, Germany, and 
Scotland. 

OLATB AND ALLIBD BUBSTANCX 8 . 

Clays, which are silicates of alumina more or less pare, occur 
in all formations from the firmest slates of the older rocks, 
and the loose shales of the Carboniferous and the Secondary, 
to the plastic clays of the Tertiary and the alluvial deposits. 
They enter largely into the materi^s and processes of build- 
ing, as slates, tiles (both for roofing, paving, and ornamental 
purposes), and bricks ; into the manufacture of pottery and 
earthenware of all sorts, terra-ootta, and many other useful 
applications. 

Common clay, so abundantly diffused over the earth’s surface, 
and chiefly distinguished into three varieties — ^yellow, brown, 
and blue — furnishes material for the builder and the maker of 
the common pottery wares. China and porcelain are made from 
the fine clays called kaolin and petuntsCy which are almost pure, 
and are due to the decomposition of the felspars of 
rooks, the felspar containing soda being especially liable to 
disintegration. Those clays are found in Cornw^, Devon, 
Franco, Belgium, and Germany, but can also be artificially pre- 
pared. Pipe-clay is a white, pure variety, with an excess of 
silica. It is obtained from Poole and Purbeok. Pire or refrac- 
tory clays, used in the manufacture of fire-bricks, retorts, and 
crucibles, contain a preponderance of silica over alumina, and 
occur chiefly in the Carboniferous strata. In England the 
Stourbridge clay is famous for these purposes. Belgium, and 
Siegburg in Germany, also furnish fine clays. Others, however, 
sufficiently pure, can be made available to some extent by the 
addition of silioious sand. Fuller’s ewi'th is a very useful clayey 
substance, having in its composition a largo proportion of silica 
and a quantity of water. It is employed in the preparation of 
wool, and is abundantly met with in Surrey, Buckingham, 
Hampshire, Glonoestershire, and Bedford. The ochres, ohiefl; 
red and yellow, ore mixtures of clay and oxides of iron. They 
are used in the manufacture of colours : the most suitable for 
this purpose being obtained near Oxford, in Fife, in Antrim, 
Italy, and other places. , 

Slatesy from their natural cleavage and their great durability, 
are of extreme utility for a variety of purposes, chiefly roofing, 
the construction of cisterns, and the manufacture of school 
slates and pencils. The best are those which are hardest and 
finest in groin. Besides the oommon colour, there are green, 
purple, and grey slates. The lamin» are of different thick- 
nesses, and are used accordingly. Slates are quarried obiofiy 
from rooks of ancient date (^Inrian and Cambrian), and ore 
abundantly 8npi>lied fi^m Penrhyn, Llanberis, Festiniog, 
other parts of Wales, as well as from Cornwall, Devonshire^ 
WesTimoreland, Scotland, Ireland, Fiance, Belgium, Germaxiy 
and Asia. 
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Hone itonee, of wMok thoM we many varietiee, are elaty 
etonee which are naed in etraight pieoea for eharpening tools 
after they haye been ground on grindstones. The m^ im- 
portant yarieties are the following: — ^Norway ragstone, the 
ooarsest yariety, imported in large qnantities from Norway ; 
Chamwood Forest stone, one of the best substitutes .for ^e 
Turkey oil-stone, mnoh in request by joiners and others, and 
obtained from Camwood Forest, Leicestershire ; Turkey oil- 
stone, of whicdi there are two yarietieB, white and black, the 
latter being the harder, surpassing eretj other oil-stone, used 
by the engrayer, and obtained from the interior of Asia Minor ; 
Ayr stone; snake stone; Scotch stone, used especially for 
polishing coppeiplate; Welsh oil-stone, second only to the 
Chamwood Forest stone, and obtained at Llyn Idwsll, near 
Snowdon, whence is ajso obtained the ** cutler’s green stone 
and the German razor hone, deriyed from a yellow, band in '^e 
blue slates of the neighbourhood of Katisbon. 

SABTBS OV SODIUM, POTASSIUM, BORON, SULPHUR, BTC. 

The elements of the combination of which we are about 
to speak do not, for the most part, ocour naturally in their 
ekn^e state, but their compounds, especially those of sodium, 
potassium, and sulphur (wMch is also natiye), are numerous, 
ld>nndant, and yaluable. 

Common $alt (chloride of sodium) is an extremely abundant 
and quite an in^spensable oommo^ty. It exists in sea-water 
and salt lakes, in the proportion of from 3 to 4 per cent., or 
«yen more in some of the lakes, and can be extract^ by eyapo- 
ration. It occurs in a much larger proportion in many brine- 
springs connected with geological deposits of salt, but these 
deposits themselyes form now by far the best sources of supply. 
Bc^k-salt is obtained in England principally from the mines of 
Cheshire, and also near B^ast ; culiniury salt is manufactured 
in large quantities in Cheshire and Worcestershire from brine 
springs; in both cases, the salt is deriyed from the Keuper 
marls of the New Bed Sandstone system, in which it occurs in 
basin-shaped deposits, and is arranged in wedge-shaped masses. 
Salt-beds occur in rooks of yarious ages ; those of Noya Scotia 
in the Carboniferous system; the rock-salt of Ireland, England, 
and Prussian Saxony in the Keuper formation; that of the 
Carpathian Alps in ^e Upper Oolite ; that of Poland and the 
l^yrenees in the Cretaceous series ; and that of Pisa and Cuba 
in the Miocene rocks. Beds of salt occur also in China, and 
many districts of North America. 'Some of the salt mines of 
Europe furnish perhaps the most stupendous examples of 
mining industry. Salt for domestic purposes is refined from 
the more or less impure natiye product, and from it also 
common soda (carbonate of soda) — ^formerly made, like barilla, 
^m the ashes of sea-weeds, etc. — is manufactured on an im- 
mense scale. Chlorine for bleaching and disinfecting purposes 
is also yery largely supplied from the same Source. Many 
parts of the earte being deficient in the supply of salt, it is 
an important article of commerce. We exported in 1880, 
1,051,240 tons; in 1881, 1,006,280 tons ; and in 1886, 804,807 
tons, yalued at ^8587, 962. 

The Alu,m$, already alluded to under the head of Alwmmwm, 
are important compounds of sulphate of alumina with sulphate 
of potarii, or soda, or ammonia, potash being the most common. 
Alum occurs natiye to a small extent, but from its great yalue 
in the arts, especially in dyeing and calico printing, it is manu- 
factured on a large scale. C^e process is to treat clay with 
sulphuric acid, by which a sulphate of alumina is formed, to 
which potash, sc^, or ammonia is . added, and the resulting 
crystallised salt is accordingly either a potash, soda, or am- 
monia alum. Alum is also made from alum slate or shaXe ; this 
substenoe contains alumina, protoxide of iron, a trace of potash, 
■nd iron pyrites dispersed tli^ugh it. This pyritous sl^e, on 
exposure to the atmosphere, undergoes decomposition, which is 
accelerated by the manufacturer, who, ayailing hims^ of the 
carbonaceous character of the shale, applies fire to the alum 
shale heap. The iron pyritet is changed into sulphate of iron, 
which forms, with the alumina, a double sulphate of iron and 
alumma ; this is subsequently purified by eyaporation, and by 
19ie addition of pota^ the salt is rendered crystallisable. 
Glasgow, Whitby, and Newcastle are the chief localities of 
alum manufaototeih this country. The best alums are those 
prepared in Asia Itinor and Italy. China produces a oonsider<- 
able quantiiy, and Tuscany thousands cl tons per 


TEOHNIOAL DKAWINtt— VIIL 

* wooDBN BRZDaits {oontiiMisA,) 

The structural portions of the bridge haying been oompletedt 
the hand-rail may now be commenceA 

Haying drawn the top rail and the standards which dhide 
the length into ten equal rectangles, draw diagonals in each ; 
then the lines forming the crosB-strute are to be drawn pmaUd 
to these. The longitudinal and transyerse sections will not, it 
is presumed, require further instruoticn, and we can therefore 
turn our attention to the next series of exAmples of hand-rails. 

The most simple of these is Fig. 43. In beginning this it is 
best to draw the section (Fig. 44) first, as from it the eleyation 
of the oomioe and of the horizontal bars must be projected. 

Haying, then, drawn Fig. 44, draw horizontsds from the 
different points in the section of the oomioe, a, and from the 
top and bottom of the section of the top rail, b. 

Next draw the standards, c c ; then from the angles of the 
square middle rail, d, project the eleyation, d, which will com* 
plete the ficni^* 

Fig. 45 is an enlarged eleyation of the hand-rail already 
shown in Fig. 40. Here the section (Fig. 46) is to be drawn 
first, excepting the part d d, which is determined according to 
the angle at which the stmts cross each other. Haying, then, 
projected the eleyation of the top rail and oomioe from the 
section, draw the standards, e c, and diagonals in the rectangle. 

Now let us suppose (as would in practice, of course, be the 
case) that the struts are to be of a definite width. To set this 
off accurately, draw a line through each diagonal, at any part, 
but at right angles to it. On these, on each side of the diagonals, 
set off from the intersection half of the width of the stmts ; 
then lines drawn through these points parallel to the diagonals 
will giye the sides of the orosB-pieoes required. 

It will be seen that the lines thus dmwn will at their interw 
section form a lozenge or diamond-shape ; from the lower and 
upper angle of this figure draw horizontals, which wiU giye the 
section, d d, in Fig. 46, and in this the central yertical line will 
show that the struts in crossing are ** halyed ** into each other, 
so they are ** flush ” with the uprights and with the upper rail 
The splaying of the edges can, of course, be done without any 
further guidance. 

Fig. 47 is a hand-rail of a similar character to the last, but 
the space between the standards is to be filled with two pairs 
of stmts at right angles to each other. Now the space is 
doubly as long as it is wide ; therefore divide it into two equal 
squares, in which draw diagonals. On these, set off from their 
intersection half of the width of the stmts, and draw the lines 
which form the edges of them; the section (Fig. 48) can then, 
as in the last figure, be completed from the eleyation. 

Fig. 50 is a mere trellis-rail, and will be found very easy to 
draw ; but core is required so that all the interstioes may be 
eg[nal squares, 

£[aying drawn the section (Fig. 49), and projected the oomioe 
and upper rail in the elevation (Fig. 50), draw centre-lines for 
each of the cross-pieces, which be readily accomplished 
by means of your set-square of 45^. On ea^ aide of the 
intersection set off half the width of the pieces, and draw the 
lines ; it will Ihus be seen that this is a repetition of the last 
figure, but with a multiplication of parts* 

We still continue using wooden bridges as examples for 
drawing, not because they are as much us^ in this country as 
they were in times gone by, but because the principles of their 
oonstmction convey so much instmction, which will be of 
service in the subsequent section on “ Eoofs.’* And further, in 
these days of railways and emigration, some knowledge of the 
oonstmction of bridges of a material which is so generally 
available cannot fail te be of service* 

Fig. 51 is partly an elevation and partly alongitudinal section 
of a covered wooden tmss-bridge, such as is frequently used for 
passengers to pass from one platform of a railway to tiie other. 

Here it is necessary briefly to rmnind the student of the 
action of a "king-Tposi, viz., that when the lower ends of the 
principal rafters (two strong timbers, Mohneh together are longer 
than the space to be bridg^ over) are mortised or otherwise 
fixed by their lower ends to the tie-beam, the upper ends 
abutting against the head of the king-post, this acts as the key- 
stone of an arch, and being lengthraed, the tie-beam i^ bolted or 
strapped up to it. This principle, illnstrated by the necessary 
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ii trtatftd of in Ck>&«traotiony*' and will 

ba fnxthar workad out in oonnaotion wi^ roofs. 

In the present example the tie-beam is bnilt np of two eqnal 
timbers, which are scsifed or toothed into each other, and tiie 
king-post, being also doable, clasps the tie-beam at the bottom. 
Underneath the tie-beam a transverse bearer passes from one 
king-post to the other, and these being screwed np by means 
ol sorew-bolts, the tie-beam is drawn np into a carve. The 
principals, too, are made np of two eqnal lengths. 

In Edition to this there are qneen-posts, which are supported 
at the top by means of a collar-beam and stmts ; and to these, 
beaxera passing transversely nnder the tie-beams are bolted, 
likei^iose under the king-posts. There are also intermediate 
sospending posts, from which bearers are not snspended, but to 
which bolts pass through the tie-beams. 

The half Fig. 51, which is given in section, will show the 
manner in which the planks forming the floor of the bridge are 
laid, and the bngitadinal girders resling on ^e transverse 
bearers are shown in the section (Fig. 52), in which the simple 
roof timbers axe also shown. 

Fig, 58 is a horisontal section, showing the diagonal straining- 
pieces between the bearers. 

A few instructions on the method of drawing this subject 
(Fig. 51) will now be given. 

First draw the piers, and a straight line uniting their spring- 
ing points. 

Bisect this line, and in the perpendicular set off from the 
intersection the height of the curve from the horizontal line. 
There will then be three flzed points — ^vis., the two springing 
points, and that in the perpendicular. 

Now it will be^ remembered that if these points be joined, 
and t)^ lines uniting them be bisected, the intersection of the 
bisecting lines will be the ociitre of tiie drole of which the arc is 
a part. (S^ Fig. 10, “ Practical Geometry.'*) 

Having, then, thus found the centre, describe the arc forming 
the nnder side of the tie-beam. The arcs under tl^ are to be 
drawn with the same radios, moving the centres a little lower 
down on the perpendicular. 

The tie-beam is rather broader in the middle than at the ends, 
and therefore the upper arc must be strack with a rather tiiorter 
* radios, the centre being slightly higher than that from which 
the under side was drawn ; from a point half-way between these 
two centres an arc must be strack, exactly between ihe upper 
and lower edges of the tie-beam, and on the toothing of the 
scarf is to be drawn. 

Now proceed to draw the king-post, measuring half its width 
on each side of the central perpendicular, then the principal 
rafters, the collar-beam, and the longitudinal joist above it ; 
then follow the queen-posts, the suspension-pieces, and the ends 
of the bearers. 

The foundation for the fronts, and the fronts themselves, are 
now to be ^awn ; then the ridge and the rafters. 

After this the boarding of the sides of the bridge is to be 
Ailed in, and any other detail which may not have required 
separate mention. 

Figs. 52 and 58 are too simple in their lines for the student 
to need any instmotions as to the mode of drawing them ; he is 
simply advised to draw the different parts in the order in which 
they have been explained in the elevation. 

lig. 54 is a side elevation of a small bridge constructed on 
the ** bow suspension truss " principle. 

Here the bw, oonsiating of a single beam, is mortised into 
the ends of the tie-beam, which are in their turn strengthened 
by saddlcrpieoes, bolts passing through these saddle-pieces, the 
tie-boam, and the bow. 

At regular intervals perpendicular posts are placed between 
the tie-beam and the bow. 

Underneath these are placed the transverse bearers, bolts 
passing through these, the tie-beam, the perpendiculars, and 
bow. On the bearers timbers are laid parallel to the truss, and 
on these Uie flooring of the bridge rests. This arrangement will 
be clearly understood on referring to the section (Fig. 55). 

In commencing to copy this example, draw the horizon^ line 
which ft^rms the tops of the abutments, and then add the oblique 
lines representing the imposts. 

Next draw another horizontal line, and between this and the 
last mark off the widths of the ends of the cross-timbers which 
act as wall-plates, on which the trusses are to rest. 


This horizontal will also give the lower side of the saddle* 
pieces, and the horizontal which will give the top of these will 
also form the under side of the tie-bera, the upper side of 
which, and the ends of the saddle-pieces, may now 1 m drawn. 

The points at which the outer arc of the bow meets the upper 
line of the tie-beam are. next to be marked, and the height of 
the bow set off on a central perpendicular. From these three 
points, the centre from which the arc is struck will be found 
in the manner already mentioned. Tho internal arc and the 
mortises at the ends will then complete the "bow. 

Having divided the space on each side into four equal parts 
by dotted perpendiculars, set off bn each side of these half the 
fchicknesB of the uprights, draw the ends of the bearers, the 
rail-bolts, etc. 

The section is so very simple, that no further instruction 
connected with its delineation is deemed necessary. 

It can be well understood that the system of forming the bow 
of a single timber must be limited to bridges of small span, and 
an improvement was effected in this respect by the introduction 
of a system invented by Philibert de Lorme, a celebrated French 
architect. 

This system was not new, its author having proposed it in 
the sixteenth century, and it had been used more or less from 
that period ; but it seems to have been first applied to bridges 
in that over the Weser, near Minden, in Westphalia, in the 
year 1800. 

The De Lorme system will be fully described and illustrated 
in connection with “Roofs," in the construction of which it has 
been principally used ; it may, however, be briefly stated hero 
that it consists in building up the bow of separate pieces of 
timber placed edge-wise, and united in the manner called break- 
joint — ^that is, the joints in the pieces of each layer of timber 
composing the bow oi’e alternated, so that those in the one are 
over the whole part of the other, nails and bolts passing through 
the complete thickness. 

ELECTRICAL ENGINEERING.— V. 

BY BDWABD A. o’kBEFPB, B.E., A.8.T.E., 

Demonstrator in Electrical Engiueeriug, City and Guilds of London 
Technical College, I^nebury. 

INFLUENCE ~ THE E l.ECTBOPHORUS - WmSHUEST 
MACHINE— THE ELECTRIC SPABK. 

It has been seen that an oloctrified body exerts some influenoe 
over other bodies placed near it, as in the ease of the pith-ball 
being attracted to the glass rod. In order that this attraction 
should exist, some change in the distribution of the electricity 
in the attracted body must have taken place. The nature of this 
change ^ be seen from the following experiment. Bring any 
conducting body near the positively-charged plate of an elec- 
trical machii;^e, and exominq how the eleotrifioation is now dis- 
tributed over its surface. This can be best done by means of a 



Fig. 4.-— PBOOP-FLANB. 


proof-plane and a gold-leaf electroscope. A proof-plane (Fig. 
4) oonaists of a small light metallic disc, m, fixed on the end 
of a glass rod, h. Taking hold of the end of this rod, touch 
the different portions of the oonduoting bo^ with the disc, 
which will then receive a charge similar to that at the point 
touched ; now bring this charged disc into contact with the knob 
of the electroscope, when the divergence" of tiie leaves will 
give a rough measure of the strength of eleotrifioation at that 
point. A thorough examination of the different points of the 
body shows that the end which is nearest the is 

strongly negative, the most distant point is. equally strongly 
positive, while at the centre there appears to be no electrifica- 
tion whatever. This phenomenon is known as inductvyn or 
irtfiuence. Without entering into any question as to the nature 
of electricity, it can be said that a non-eleotrified body may 
be looked upon as containing exactly equal quantities of 
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pomtiye and negatlTe aleotrioity; when it oontaiiui an exoeas 
of one kind oyer the other, it is then said to be electrified with 
that kind which is in excess. The earUi is a kind of enormoos 
reservoir containing equal amounts of the opposite kinds, and 
can therefore be ccmsidered a standard for non-electrifled 
bodies. Betnming to our exper^ent, the positively-electrified 
glass plate attracted the negative electricity in the oondnot- 
ing body, and rolled the po^tive to the farthest point 
possible. If while in this oonditiion the body had been con- 
nected to the earth by a wire capable of condnoting electricity, 
it is clear that the positive charge would have been repelled to 
earth, and if the connecting wire were now broken the conducting 
body would have been left negatively electrified. A conducting 
body can thus be electrified by induction or infineftice without 
having been subjected to friction, and vrithout having been in 
contact with any electrified body. This principle, upon which 
all influence machines depend, is best illustrated by the earliest 
and simplest of them all— the eUctro>p}wrm» 

The ^ectrophorus (Fig. 5), due to Volta (1775), consists of 



itself over its surface, while the negative charge on h remains 
as befor.e. If the disc d had not been joined to earth when on 
H, but had simply been lifted off, the positive and negative 
charges on it would have gradually reunited as it was with- 
drawn ihrom h, and finally would have neutralised one another ; 
the touching of d when under the influence of H is an essen- 
tial part of the operation. By continuing this opteration, an 
almost unlimited number of charges can be obtained on D 
without in any way affecting the original charge on u, but 
these charges are not obtained without a corresponding ex- 
penditure of energy. This energy is not expended in the 
form of friction, but (while raising d) in doing the work 
necessary to overcome the attraction between n and h when 
one is charged positively and the other negratively. In doing 
any of these experiments the greatest care should be taken 
that every portion of the apparatus meant to be non-con- 
ducting be perfectly free frbm any trace of moisture, and 
this is most conveniently done by keeping the whole apparatus 
heated, and occasionally passing portions of it through ^e 
flame of a spirit-lamp. 

The eleotrophorus is effective, but the operation is laborious 
and the charges obtained small. It stands in the same relation to 
the modem influence machine that 
the glass rod does to the friction 
maohixra. Fig. 6 is an illustration of 
the Wimshurst machine, which is the 
best modem type. It consists of 
two glass discs, well coated with 
sliellao varnish, mounted on loose 
bosses on the same spindle, and so 
arranged as to rotate in opposite 
directions. On these discs are ce- 
mented a number of thin brass 
I SnpAil «i4t ^qtial 

tances apart. The plates revolve 
about an eighth of an inch from 
one another, and at each end of 
their horisontal diameter is fixed a 
kind of metallic comb supported on 
a glass pillar, which collects the 
charges generated on the sector- 
shaped metallic strips. A curved 
brass bar, with a metal brush at 
each end, is fixed at an angle of 
about 45*^ to the horizontal axis, 
wldch connects electrically the oppo- 
site pairs of sectors as they pass 
under it ; a similar rod is attached 
at the back of the machine, the pair 
being at right angles to one another. 

The two curved bars above the 
plates are disoharg^ng-rods. As the 
plates revolve, the sector which is 
opposite one of the metallic brushes 
attracts an opposite charge on the 
sector which is in contact with that 
brush, and repels an equal charge of 
the same kind as itself through the 
curved rod to the sector which that 
rod touches at the diametrically op- 
posite side of the glass plate. Two 
sectors on each plate are thus charged 
at the same instant (by an operation 

Fig. 7. — THB ELEOTBIC 

as each passes on it delivers up a oi-Atta.. 

portion of this charge to the comb- 

shaped collectors, but groes on with a sufficient charge to 
influence another sector in its turn. This is an extremely 
powerful form of influence machine, sparks several inches long 
being easily obtained from it. 

The electric spark, from whatever source it may come, 
whether it be in the form of a discharge from an electrical 
machine, or in the form of lightning due to atmospheric influ- 
ence, seldom travels for any distance in a straight line (Fig. 7), 
touching it with the finger, the negrative always following the path of least resistance between the two 
elecmcity vrill be repelled to earth ; and if the disc be now points, and this line is determined by the particles of conducting 
it will have a positive charge, which will distribute matter always present in the atmosphere. ^ 


Fig. 5. — THE BLECTBOPHdnUS. 

a flat metallio disc, m, containing or supporting a disc of some 
non-conducting substance, usually resin or ebonite, H. u is a 
metal disc, to which the glass handle B is attached. To use 
the instrument, take hold of the end of the handle and raise 
the disc d ; rub the non-oonduoting substanoe with cat’s fUr, 
when it will become negatively electrified. Now place the disc 
D on the electrified body, and the electricities will become by 
influence distributed over the whole apparatus, as indicated 
by the sigrns in Fig. 5. The negative charge on H attracts a 
positive charge on the under surface of d, and repels a ne- 
gative charge to its upper surface. If this plate be now 




Fig. 6.-— THE WIMSHUBBT MACHJNE. 
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ftnd olinging to, the ttilieotioiM of the noble end the gveeil. 
Ornamentation is in the highest sense of the word a Fine Art ji 
there is no art more noble, none more exalted. It can cheer the 
sorrowing ; it oim soothe the troubled $ it can enhance the joys of 
those wlm make merry ; it can inouloate the dootrhie of truth } 
it can refine, elevate, purify, and point onward and upward' to 
heaven and to God. It is a fine art, for it embodieB and es> 
preraes tihe feelings of the soul of man^->^that inward spirit 
whioh was breathed by the Creator into the lifeless clay as the 
image of His life, however noble, pure, or holy. 

1^8 being the oiNse, those who ignore decoration oast aside 
a source of refinement, and deprive themselves of what may 
induce their elevation in virtue and morals. Sucfii a neglect on 
the part of those who can afford luxuries would be highly 
censurable were it not that the professors of the art are for 
the most part false pretenders, knowing not what they practise, 


PRINCIPLES OF DESIGN.— IIL 

Cbbistopxxk Dbsssxb, Ph.D., F.L.B., etc. 

TBtJTH, B®AT7TT, AND POWER IN OBNaHENTATION. 

In my two previous chapters I have attempted to set forth 
some of the first principles of ornament, and to eaJl attention 
to the purport or intention of certain of the leading historic 
styles, and the manner in whioh they make utterance to us of 
the faith or sentiments of their producers. 

But there are other utterances of ornament, and other general 
expressions whioh decorative forma convey to the mind. Thus 
shLrp, angular, or spiny forms are more or less exciting (Fig. 9) ; 
while bold and bro^ forms are soothing, or tend to give repose. 

Sharp or angular forms, where combined in ornament, act 
upon tibe senses much as racy and pointed sayings do. Thus 

“out’* or angular glass, spinoae metal-work, as the pointed . ^ ^ . . 

foliation of some wrought-iron gates, and other works in whioh ! and men ignorant of the powers wUoh they hold in their 
there is a prevalence of angles and points, so act upon the ! hands. The true artist is a rare creature ; he is often unknown, 
mind as to stimulate it, and thus produce an effect opposite to frequently misunderstood, or not understood at all, and is not 
repose; while “breadth” of form and “largeness” of t^tment unfrequently lost to a people that prefer shallowness to deep 
mduce tranquillity and meditation. ! meaning, falsehood to trut^ and glitter to repose. 

Nothing can be more important to the omamentist than the ' We now see the utter folly of appealing . simply to what is 


Boientifio study of art. The meta- 
idiysioal inquiry into cause and 
effect, as relating to decorative ideas, 
is very important — ^indeed, all-im- 
portant — to the true decorator. He 
must constantly ask himself what 
effect such and such forms have 
upon the mind — whioh effects are 
soothing, which cheerful, whioh me- 
lancholy, whioh rich, whioh ethereal, 
whioh gorgeous, whioh solid, which 
graceful, whioh lovable, and so on ; 
and in order to do this he must sepa- 
rate the various elements of orna- 
mental composition, and consider 
these apart, so as to be sure that he 
m not mistaken os to what affects 
the mind in any particular manner, 
and he must then combine these 
elmnents in various proportions, and 
consider the effects of the various 
combinations on his own mind and 
that of others, and thus he will 
discover what wUl enable him to so 
act on the senses as toinduce effects 
such as he may desire to produce. 

Are we to decorate a dining-room, 
let the decoration give the sense of 
richness ; a drawi^-room, let it give 
oheCrfidness ; a library, let it give 
worth ; a bedroom, repose ; but 
glitter must never occur in large 
quantitiei, for that whioh excites 
can only be sparingly indulged in ; 
for if it is too freely employed, it gives the sense of vulgarity. 

In this chapter I have to speak primarily of Truth, Beauty, 
and Power. "Loi^ sinoe I was so fully impressed with the idea 
that true art-principles ore so perfectly manifested in these 
three words, thrit I embodied them in an ornamental device 
whioh I painted on my study door, so that all who entered 



Fig. 9. — ORNAMENT COMPOSED OF SHARP AND 
SPINY FORMS. 


called “taste” in matters of art, 
and the uselessness of yielding to 
the caprice (falsely called taste) of 
the uneducated in such matters, 
especially as this so-called taste is 
often of the most vulgar and de- 
based order. We also see the ab- 
surdity of persons who employ a 
true artist interfering with his judg- 
ment and ideas. The true artist is 
a noble teacher ; shall he be told, 
then, what morals he shall inoul- 
oate, and what lofty truths he 
shall embody in his works, or 
omit from them ? Do we tell the 
preacher what ho shall say, and ask 
him to withhold whatever is refining 
and elevating P We do not, and in 
art we must leave the professors 
free to teach, and hold them respon- 
sible for their teachings. 

K I thought that I had now con- 
vinced my reader that decorative 
art does not consist in the placing 
together forms merely, however beau- 
tiful they may be individually or col- 
lectively; nor in rendering objects 
simply what is oallod pretty ; but 
that it is a power for good or evil ; 
that it is what will elevate or debase 
—that which cannot be neutral in 
its tendency — I would advance to 
oonsider its principles ; but I cannot 
teach, nor can I be understood, unless 
the reader feeU that he who practises art wields a vast power, 
for the rightful use of whioh he must be held responsible. 

All graining of wood is false, inasmuch as it attempts to 
deceive, the effort being made at causing one material to look 
like another which it is not. All “marbling” is false also : a 
flooT-cloth made in imitation of carpet or matting is false; 


might learn the principles wMoh I sought to manifest in ipy I a Brussels carpet that imitates a Turkey carpet is false ; so 


works. 

There can be morality or immorality in art, the utterance of 
truth or of falsehood ; and by his art the omamentist may 
exalt or debase a nation. 

Truth . — How noble, how beautiful, how righteous to utter 
it; and how debasing is falsehood ; yet we see falsehood preferred 
to truth — ^that whioh debases to that whioh exalts, in art as well 
as mor^ ; and I fear that there is almost as muoh that is false, 
degradi^, and untrue in my beautiful art as there is of the 
noble, righteous,^ and exalting, although art should only be prao- 
tised by ennobling hands. It is t^ grovelling art, this so- 
called ornamentation^ which tends to debase rather tban exalt, 
to degrade rather than maiio noble, to foster a lie rather than 
utter truth, whioh brings about the abasement of our calling. 


is a jug that imitates wicker-work, a printed fabric that 
imitates one whioh is woven, a gas-lamp that imitates an oil- 
lamp. These are all untruths in expression, and are, beside^ 
vulgar absurdities which ore the more lamentable, as the imita- 
tion is always less beautiful than the thing imitated ; and as 
each material hss the power of expressing beauty truthfully, 
thus truth has its own reiyard. A deal door is beautiful, but it 
will not keep clean; let it then be varnished. It is now pre- 
served, and its own oharaoteristio features are enhanced by the 
varnish, so that its individuality is emphasised, and no untruth 
is told. A floor-cloth can present a pattern with true and 
beautiful curves — ^how absurd, then, to t:^ 5 ^ and imitate the dotty 
effect of a carpet ; and the Brussels carpet can expresa truer 
curves than the Turkey carpet, then why imitate the latter f 


and causes our art to fail in many instanoea in laying hold of, i But perhaps the most senseless of all these absurdities ia the 
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tai wtthsfn jug ^ imitation <A iriolter-irork, wlien if to 
fomeiiitiroiadbenseloM MawBiw-TOiMl. I can imagine a 
fool in his aimpliciiy priding iiixxiBelf on suoli a bright thought 
as the production of a ressel of this kind, but I oannot ixnagine 
any ri^tly oonstituted mind prodaoing or commending snoh an 
idea. Let the 
expression of 
opr art erer be 
tmthfoL 
Beauty, — I 
irill say little on 
&is head, for 
decorative forms 
must be beau- 
tiful. Shapes 
which are not 
beautifta are 
rarely decora- 
tive. I will not 
now attempt to 
express what 
character forms 
should have in 
order that they 
be considered 
beautiful, but 
will content my- 
self by saying 
that they must 
be trutMul in 
expression, and 
graceful, deli- 
cate, and refined 
in contour, 
manifesting no 
coarseness, vul- 
garity, or ob- 
trusiveness of 
character. My 
views of the 
beautiful must 
be gathered 
from the scries 
of articles which 
will follow, but 
this I may here 
say, that the 
beautiful mani- 
fests no want, 
no shortcoming. 

A composition 
that is beautiful 
must have no 
parts whioh can 
be taken from 
it and yet leave 
the remainder 
equally good or 
better. The per- 
fectly beautiful 
is that -^f^hioh 
admits of no im- 
provement, The 
beautiful is 
lovable, and, as 
that whioh is 
lovable, takes 
hold of the affec- 
tions and clings 
to them, bind- 
ing itself firmer 

and firmer to them as time rolls on. If an object is really 
beantiful we do not tire of it ; fashion does not induce us to 
change it; the merely new does not displace it. It becomes 
as an old friend, more loved as its good qualities are bettqr 
understood. 

Power , ^ — We now come to consider an art-element or principle 
of great importance, for if absent from any composition, feeble- 


ness or wealcneee is the result, the manifestation of whkh is 
not pleasant. Weakness is ohildish, it is infratine ; power 
is manly-^power is God*like. With what power do the plants 
burst from the earth in spring ! With what power do the 
buds develop into branch^! The powerful orator is a man 

to be admired, 
the powerful 

thinlruif a 

we esteem. 
Even the simple 
power, or brute- 
f oroe, of animals 
we involuntarily 
approve — the 
powerful tiger 
and the power* 
ful horse oall 
forth our com- 
mendation, for 
power is antag- 
onistic to weak- 
ness. Power also 
manifests ear- 
nestness ; power 
means energy ; 
power implies a 
conqueror. Our 
compositions,' 
then, must be 
powerful. 

But besides 
all this, we, the 
professors of 
decorative art, 
must manifest 
power in our 
works, for we 
are teachers 
sent forth to 
instruct, and en- 
noble, and ele- 
vate our fellow- 
croatures. We 
shall not be be- 
lieved if we do 
not utter our 
truths with 
power; let truth, 
then, be uttered 
with power, and 
in the form of 
beauty. 

I have given 
in this chapter 
an original 
sketch (Fig, 10), 
in whioh I have 
sought to em- 
body chiefly the 
one idea of 
power, energy, 
force, or vigour, 
as a dominant 
idea ; and in 
order to do this, 
I have employed 
such lines as we 
see in the burst- 
ing buds of 
spring, when the 
energy of growth 
is at its maximum, and especially such as are to be seen in the 
spring growth of a luxuriant tropical vegetation ; and I have 
also availed myself of those forma whioh we see in certain' bones 
of birds whioh are associated with the organs of flight, and which 
give us an impression of great power, as well as those which 
we observe in the powerful propelling fins of certain species 
of fish. 



Fig. 10 .— DESIGN EXEMPLIFYING POWER. 
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VEGETABLE COMMERCIAL FROBUCTa-IV. 

FLAinn TIKLDINQ 8PIOE8 AND CONDIMBNT8 (COn^^nUtfd). 

Cabdavoxs (Eletiaria cwdcmomumy Maton ; satoral order, 
&ng%ber<ice€B), — Cardamom seeds are obtained from sereral 
other allied plants, bixt those of the above species of Eletiaria 
oonstitato the true officinal Malabar oardamoms. 

The cardamom is an obtusely triangular thiee-oeUed pod, 
about half an inoh in length, of a pal^straw colour, and fur- 
rowed longitudinally on its outer surface. This p^ oontains 
numerous reddish-brown, rugose seeds, about -the size of mus- 
tard seeds, internally white, and having a pleasant aromatio 
odour and an agreeable taste. 

Cardamoms are principally employed here in medicine as a 
flavouring ingredient, and occasionally as a stimulant and car- 
minative, especially in the form of a simple or compound tinc- 
ture. In India they are much used as a favoprite condiment 
for various kinds of food, as curries, ketchups, and soups. Their 
active principle is a pungent volatile oU. 

Cardamoms are shipped to Britain from Ceylon, the Malay 
peninsula, Sumatra, Java, Siam, Cochin-China, and the Malabar 
coast. Tlie quantity of kinds imported is about twenty-five 
tons per annum. 

UMBELLirBROUB PLANTS WITH AROMATIC FBTTITS. 

There are a few seeds which, from their pungent aromatic 
flavour, are used as condiment and may very properly be 
classed with the spices. 

• The fruits of the caraway, coriander, and anise — called in 
commerce seeds — although cultivated in England, are imported 
somewhat largely from the Continent, and are therefore de- 
serving of notice. 

Caraway {Carum carui, L.). — The caraway is indigenous to 
most parts of Europe, as well as to England. It is cultivated 
to some extent in Essex and Kent. The taste of the seeds is 
aromatic and warm, and their odour is fragrant, but peculiar. 
The seeds are much used by the confectioner, and are some- 
times added to bread ; coated with sugar, they form the well- 
known “ caraway comfits ** to which children are so partial. 
We import about 600 tons of caraway seeds annually from 
Germany and Holland, nearly the whole of which are retained 
for home consumption. 

Coriander {Ooriandrum eatiwm, L.). — The fruit of this 
plant is globose, having a peculiar smell and a pleasant, 
aromatio taste. In a fresh state both the fruit and foliage 
have a,n extremely disagreeable odour ; nevertheless, the Tartars 
are said to use it in the preparation of a favourite soup. 

The coriander il^ indigenous to Southern Europe and Italy, 
but has a wide geographical range, bearing the climate of India 
and Britain equally well. It is cultivated in England, particu- 
larly in Suffolk and Essex, and is valued both by the apothecary 
and the distiller. Coriander is used in medicine for its carmi- 
natiye and aromatio properties, as a corrective to the griping 
qualities of oathartios. It is more used in confectionery than in 
medicine. Coriander-seed is also employed in adulterating beer. 
The poor Indian mixes these seeds with his curry, and they are 
equally welcome at the table of the rich. The imports from 
Germany to England average fifty tons per annum. 

Anise (Pimpinella aniaum^ L.).— This is a perennial plant, 
with an erect, round, striated, rough, or downy stem ; pinnati- 
sect leaves, white flowers, and an ovate, downy, aromatio fruit, 
resembling the finer kinds of parsley-seed in shape, and grateful 
and sweetish to the taste. 

The oil of anise is obtained by distillation from the seed, 
about one cwt. of seed yielding two pounds of the oil. It is 
used in confectionery and in medicine. Anise is indigenous to 
Egypt, but is now largely grown in Malta, Spain, Italy, France, 
Germany, and the East Hidies. The principal imports are from 
Alicante in Spain, and Hamburg in Germany, and average about 
seventy tons per annum. 

Other umbelliferous plants used as condiments are cumin 
{Cuminvm cymium^ L.) and angelica (Areharigelica ojfficinaUe, 
Hoffhi.}. 

Star Anise {XlUeivm anisaintm ; natural order, MagnoUaeece). 
—This plant is so called because the flavour of aniseed pervades 
the wh^e ot it, especially the fruit ; but it is not at all allied to 
anise, belongiz^ to a totally different natural order. It is a 
shrub indigenous to China and Japan ; its fruit is used to flavour 


; sweetmeaiii, confectioxfery, and liquors. The aromatic oil of 
star anise, singularly enough, in every respect resembles anise 
I oil, for which it is often substituted. In ]^dia, star anise is an 
important article of commerce, and sold in all the basaars. 

Mustard. — The seeds of Binapie wigra, L., often mixed with 
8. alba (natural order, Oraciferm), — The spherical seeds of these 
two species are crushed, pounded, and then sifted through a fine 
sieve ; the fine, powdery product is the ** flour of mustard ** in 
common use. Ihe outer akin of the see is, separated by sifting, 
forms a coarse powder, which is sold for adulterating pepper. 
Mustard-seed is largely imported from the East Indies for the 
expression of oil ; and white-mustard seed is imported from 
Northern Germany, in small quantities, for grindi^ with the 
black mnstard-seed grown in England. 

IV. plants yielding sugar. 

Sugar-cans {Saceharum officinarum, L. ; natural order, 
Qrammece), — This plant, next to rice and maize, is the most 
valuable of the tropical grasses. Its stem, which is solid, 

' Oylindrioal, and jointed, is two inches in dimneter, and from 
twelve to ffiteen feet in height ; its leaves are long, narrow, and" 
drooping; flowers very hiEmdsome, appearing like a plume of 
white feathers, tinged with lilac. A field of sugar-canes in 
blossom presents a very beautiful appearance. 

The sugar-cane is seldom permitted to flower under cultiva- 
tion. It is propagated by sections of the culm, or stem, with 
buds in them. Trenches are cut, and the pieces of the culm are 
laid horizontally in them ; the earth is ihen thrown into the 
trench, and the canes soon develop from the nodes or joints 
of the culm. As they grow up, and the wind gains power 
over them, the lower leaves are removed, and the stems are 
strengthened by being fastened to bamboo supports. 

The sugar-cane plant is very sensitive to cold, and therefore 
its cultivation is restricted to the tropics, and to regions on 
their borders where there is little or no frost. In the Old 
World sugar plantations are mostly confined to countries lying 
between the 40th parallel of north latitude and a corresponding 
degree south ; in America, along the Atlantic seaboard, they do 
not thrive beyond 83" north latitude and 36" south latitude ; 
whilst on the Pacific side the sugar-cane matures about 5" 
further to the north and south of the equator. The principal 
countries where sugar is largely grown are the West Indies, 
Venezuela, Brazil, Mauritius, British India, China, Japan, the 
Sunda, Philippine, and Sandwich Islands, and the Southern 
! United States of America. Moreton Bay and the northern 
parts of Australia are admirably suited, both in soil and climate, 
to sugar culture. » 

Manvfactare of Sugar, — When the cane is ripe, it is cut 
down, deprived of its top and leaves, cut up into convenient 
lengths, tied up in bundles, and taken to the mill. Here the 
canes are crushed between iron rollers, the juice from them 
flowing into vessels, whore it is boiled with the sddition of lime, 
and evaporated to l^e consistence of syrup, care being taken to 
remove a^ scam which appears on the suriace during this part 
of the process. The lime is added to remove any aridity, and 
prevent formentAtion. The material of the fire consists of the 
refuse crushed cane, dried for that purpose in the sun. Six or 
eight pounds of cane-juice will yield one pound of raw sugar ; 
and from sixteen to twenty cart-loads of cane ought to make a 
hogshead of sugar, when tl^roughly ripe. The cane sj^p thus 
prepared is transferred to shallow vessels, or coolers, in which 
it is stirred until it becomes granulated ; it is th^ put into 
hogsheads having holes in the bottom, which ore placed in an 
upright position over a large cistern, and allowed to drain. In 
tMs state it is called muscovado or brown sugar, and the 
drainings molasses. The casks are then headed down and 
shipped. TMs muscovado is purchased by the grocers, and 
oonsritutes the brown or moist sugar of the shops. 

The planters in the West Indies generally send their sugat 
to England in the form of muscovado; but in the French., 
Spanish, and Portuguese settlements, it is usually u>nverte< 
into clayed sugar before exportation. The process is as follows ' 
— ^The sugar from the coolers is placed in conical pots with 
holes at the bottom, having their points downward. A quantity 
of clay it laid on the top and kept moistened with water, whioln 
oozing gentiy from the clay through the sugar, dilutes the 
I molasses, and causes more of it to come away than in the hogs- 
I bead, leaving it whiter and purer thsn the rnnsoorado sugar* 
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lioaf or refined augfur ia made from the muscovado by the 
augar-bakers in England. The muscovado is re-boUed, and 
refined with the serum of bullock’s blood or the white of eggs ; 
it is then transferred to conical moulds, and clayed repeatedly 
until perfectly white. The sugar is then removed from the 
moulds, and set in a stove to dry. 

The 6Ugar*oane, a plant originally confined to Asia, and 
which grew wild in India, was introduced into the south of 
Europe from the East by the Saracens, soon after their con- 
quests in the ninth century. In the twelfth century, sugar 
plantations were established in Cyprus, Rhodes, Caudia, Malta, i 
Sicily, and Spain ; and as early as the beginning of the fifteenth I 
century they had been extended to Qranada, Murcia, Portugal, | 
Madeira, and the Canary Islands. | 

The sugar-cane is now cultivated at only a few places in | 
Europe, viz., Malta, Sicily, and the south of Spain. The rest 
of the sugar plantations have disappeared from the coun- 
tries about the Mediterranean, in consequence of the ex- 
tent of the great American plantations, and those in the West 
jndies. 

In the middle of the sixteenth century the sugar-cane was 
transplanted by the Portuguese to Brazil, and by the Spaniards 
to the West Indies, where the greatest quantity of sugar is 
now produced.. Brazil has now 900 sugar plantations, pro- 
ducing annually about 50,000 tons of sugar ; and of the West 
India Islands, Cuba and Jamaica alone raise 150,000 tons for 
exportation yearly. Porto-Eioo, and the French, Dutch, and 
Danish colonies in the West Indies, export sugar largely, as do 
also Louisiana and Alabama, by way of New Orleans. Iho ex- 
ports of sugar from Mexico go mostly to New Granada, Caracas, 
and Ecuador in South America. ' 

The East Indies, Java, Sumatra, the Philippine Islands, 
Siam, Cochin-China, Bengal, and Ceylon, all produce sugar for 
expoi^tion. Sugar has been made in China, indeed, from very 
remote antiquity, and large quantities also have been exported 
from India in all ages. : 

In 1886, 16,183,661 ewts. of raw sugar were imported into | 
the United Kingdom, valued at J810,541,149. Only a part of j 
this is retained for home consumption, the remainder — which, 
however, does not amount to any considerable quantity— being 
re-exported. 

Rum, or Br<md/y of Sugar. — The best is distilled from the 
pure juice of sugar ; the inferior kind is made from treacle, and 
from the residuum in the sugar refineries. Jamaica rum is the 
finest, about three millions of gallons being annually imported 
into England from the West Indies. Rum is also distilled for 
exportation in Bengal, Madras, Batavia, and Manilla. The 
native arrack of India has been nearly driven out of the market 
by this spirit. 

Besides the sugar-cane, many other plants yield sugar. The 
principal of these are : — 

1. Bebt-boot and Mangold-wubzel (two varieties of Beta 
vulgaris, Tournef ; natural order, ChenopodiaceoB) are cultivated 
very extensively on the continent of Europe, especially in France, 
where a great portion of the supply of sugar is obtained from 
the juice of these sap-roots. In Great Britain beet-root is eaten 
as a pickle, and mangold-wurzel is largely grown as winter food 
for cattle. 

2 . StTGAB-MAPLE (Acer sacchai*vnv/m, Wang. ; natural order, 
Aceracece). — From the juice which flows from incisions made in 
tlie stem of this, and probably other species of maple, large 
quantities of a coarse nncryetalLiBable sugar are manufactured 
in North America. 

8. Date (Phoenix daciylifera, L. ; natural order, Palmacem). 
— ^From this useful palm, and also from P. sylvesiris, L., and 
Saguerua saccharifer, sugar is produced by boiling the juice, 
which flows from incisions made in the flower-heads; from 
P . sylvestris, L., alone, thousands of tons are made annually, 
^ese sugars are mostly consumed in India ; much, however, 
18 supposed to be imported to England as cane-sugar. The 
OTit of the date is well known and highly appreciated in 
Britan. It ^ is remarkable for its nutritious and life-sus- 
taining qualities ; the Arabs, while crossing vast desert tracts, 
requiring no other food than a handful or two of this fruit per 
grows in the regions on the southern elopes 
of the Atlas mountains. This part of Africa is said to be the 
natum habitat of the date-palm, and is called BiUed-ulgtrid, or 
the Date Coantty. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.— IL 

It has been explained in previous lessons that bisect*’ 
means to cut into two equal portions ; this requires to be pro- 
perly^ understood in dividing angles, for it will be evident 
ihat if a line were drawn across the angle, the one pairt would 
be much wider than the other, even though the line might 
cross exactly in the middle of one of the lines forming the 
angle. The following problem shows the correct method of 
overcoming the difiioulty, and subsequent figures show the 
application of the lesson. 

To bisect cm angle, ABC (Fig. 8).— From B, with any xadins^ 



describe an arc, cutting the lines b a and b c in D and x. 

From D and x, with any radius, describe arcs cutting each 
other in p. 

Draw B p, which will bisect the angle. 

To inscribe a circle in the triangle ABO (Fig. 9).— Bisect any 
two of the angles (by Fig. 8). 


c 



Produce the bisecting lines nntil they meet in D. 

From D,.with the ra^us D E, which is a perpendicular from 
D on A B, a circle may be described which will touch all three 
sides of the triangle. This is called the inscribed circle. 

To draw a circle through three points, however they may be 
placed, provided they are not in an absolutely straight line 
(Fig. 10). 



Let A B and c be the three given points. Join A B and B 0. 
Bisect A B and b c, and produce the bisecting linea until they 
cut each other in the point D. 

Then d will be equally distant from each of the three points. 
Therefore, from D, with radius d A, D B, or D c, a circle may be 
drawn which will pass through the three given points. 

It will be evident that if A and c were joined, the figure wo^d 
be a triangle ; and thus this problem serves also for describing 
a fsirole which shall touch the three angles of a triangle. This 
[is called the cincumscHbiing circle. 



m 
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The Chth/ic trtifdil (Fig, 11).— The trefoil is a figure mtioh 
need in Gothic arohiteotee. It is formed of three learee, or 
lobes (hence its name)) meeting at a centre, as in the thm- 
leared olorer. It is eometimeB enclosed in a oirole, as in 
window tracery, i:>nt not always, as in many wall-pieroingB. 
This figure will serve as an application of the eonstmotion of 
the eqr^teral triangle and the bisecting of angles. It is here 
introdnoed with the view of showing stodents the importance 
of obsoluto aoonraoy in the early problems, as W'all as in the 
gnbseqnent operations. 

CknmtRiot an equilateral triangle, a he. 

Bisect the angles, and produce the bisecting lines, d, e, /. 

Observe, that in an equilateral triangle, the lines which 



bisect the angles will, if produced, bisect the sides opposite to 
the angles as well, and thus the points h, i are obtained. 

From a, &, and c, with radius a g, equal to half the side of the 
triangle, describe tiio arcs fe, I, and the others, which it will be 
plain are oonoentric (that is, drawn from the same centre) with 
them. The arcs m and n, and those oorres];>onding to them, are 
also drawn from the same centres. 

The outer circles and the area p, g, etc., are drawn from the 
centre of the triangle o. 

To construct on the gimn line, T> E, an angle similar to the 
angle A b c (Fig. 12). 



From B, with any radius, describe an arc cutting the sides 
of the angle in c d. 

From E, with the same radins, describe an arc, cutting e d 
in F. Measure the length from point c to d. Mark off the 
same on the arc from f — ^viz., to point G. Draw a line from E 
through G. The angle F E g will be equal to a b c. 

On the given line, a B, to construct a triangle similof^ to 

* When a figure is said to be nmilar to another, it means that it is 
of the same ahaps. When it ia said to he eqiui, it means that It is 
of the same area— that is, it contains precisely the same ^ao«. A 
figure may be equal to another without being similar in shape t thtM 
n square may be equal in area to a rectangle ; and a figure may be 
similar without being squal, at In Figa, 13, 1 A * ** SimfUar and aqwil ** 
means being of both the same alutpa and sise as another figure, as ia 

Figa. 18 and IS. 


c i> X (Figs. 18 and 14).— At Aconstroct an angle similar to the 
angle B o G— viz., j a z. 



B B K. Produce the Hues A j and b b until they meet in o | 
which will complete the triangle required. 

Dejmitions concerning ftmr^sided figwres which wre not pa/ral» 
lelograma. — A figure having four sides, which are neither equal 

/ " \ 

i’lg. xo. Fig, 16 , i'lli. X/. 

nor parallel to each other, is called a trapezium, as A (Fig. 15). 

But any two of its adjacent (or adjoining) sides may be equal 
to each other, so long as they are not parallel to the opposite 
sides, as B (Fig. 16). 

If any two of the sides are parallel to each other, the figure 
is called a trapezoid, atj c (Pig. 17). 

To construct a trapezium similar and equal to another, 
c D B p (Figs. 18 and 19). | 

Draw A B equal to c J>. 

At A construct an angle 
similar to that at c. 

Make A g equal to o b. 

At B construct an angle 
similar to that at d. 

Make b h equal to i> F. 

Join H G, and the trapezium on a b will be similar and equal 
to 0 D E P. 

It is advisable that the students should be repeatedly exer- 
oised in constructing 
figures similar and equal 
to each other ; and as 
the correct result of the 
higher figures depends on 
the refinement of their con- 
struction, the most intense . 
accuraaj should, from the 
very outset, be aimed at. 

Having thus illustrated the difference between the trapezium 
and the trapezoid, and between similar and equal, we now pro- 
ceed to construct these figures similar to others, and of given 
dimensions. The artisan cannot too soon begin to work to 
“ scale,” arftl he is therefore recommended to take the measure- 
ments from his rule, not from these pages ; the resalt must be 
the same, even though the mere sizes may be different. 

To construct on the given diagonal, A B (Fig. 20), a trapeziwn 
similar to another, o x B F (Fig. 21). 



Draw the diagonal CD in the given trapezitim. From c ana 
D, with any radius, draw arcs cutting the dia^nal c D in G and 
H, o p and c E in I and j, and D e and d f in K and L. Prom 
A and B, with the same radius, describe arcs cutting the 
diagonal a b in B and K. From the point B, cut off on the arc 
the length g j — ^viz., to o, and also the length g i — ^viz., to B. 
From the point N, ent off on the arc the length B K — ^viz., to 
Q, and also the len^ tt L — viz., to b. 

Draw BQ and BB ; also AO and ap. Produce these lines until 
th^ meet in s and t. at b s will be the trapezium required. 
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Hill result wotild be the seme, wbeteter might be the length 
of the or the reletiTe sises of the figures, as an angle is 

not altered by the length of the lines of whi^ it may be formed. 

To coMtntet a trar^ium from ihs following given dimensions 
(Fig. 22}.>~Sides c> and o e are to be 
adjacent to each other, forming an angle 
to ▲ B O’. 0 A. is to be If inches 
long; 0 B, li in. j a x>i 1 in. ; b D, If in. 


Fig 22. 




Now, in the figure 
here required, the 
first fixed condition 
is, that the sides c A 
and G B are to mahe 
an angle similar to the given angle a b c. Therefore at any 
point, construct this angle (a o b), and produce the lines until 
c A is If inches, and o b If inches long — viz., to A and b. 

From A, ^th 1 inch radius, describe an arc. From b, with 
If inch radius, describe another arc cutting the former in d. 
Draw A B and b d, which will complete Fig. 28 from the 
given r* 


COLOUR— II. 

By A. H. Chubch^ H.A., Professor of Cbeznistry, Bpjsl 
Academy, London. 

OOIKFOSITION OF LiaHT— OOMPLEUBNTABY COLOtJBS — THB 
8PBCTBUU. 

Nbwton was the first to discover that white light was corn- 
pound. To split up a ray of the solar light into its 
constituents, the following contrivanoe (Fig. 1) may be 
adopted : — Through a hole in the shutter of a darkened room 
a beam of light, s, enters. This beam falls upon a prism of 
flint-glass, A, so arranged that the side, P, opposite to its 
refracting angle is uppermost and horizontal. The beam 
will be refracted and dispersed, as described in our last 
paper ; and if the refracting angle of the prism be 60^, a vertical 



Fig.1. 


band of rainbow colours will be produced on a screen placed 
at a distance of five yards or so from the prism, a. This 
band, b i, is the solar spectrum. It consists of a very large 
number of different tints, amongst which it is easy to distingui^ 
ueven prinoiiMd colours. . Begiiudng at the end of the spectrum 
vhioh is nearest to the spot, K, which thebeam would have reached 
in the absence of the prism, we find the order of the colours 
is as follows : — ^Eed, orange, yellow, green, blue, indigo, violet. 
Now the mode in wl^h these colours Imve been separated from 
white light is sufficient proof that they cannot be further sepa- 
rated into other kinds of colour. This anticipation is realised 
by actuffi trial for if, as in Fig. 2, one of the colours of the 
spectrum, v, be allowed to pass through a hole in the screen, x, 
on which the band of dec^posed light has been received, it 
cannot be altered by being transmitted through a second prism. 


B. The ray will be refracted, of course, but it will show but 
one colour, as before, and its image will not be eloi^ted. 

We have already learnt that every ray of colour^ light has 
its own wave-leng^i and therefore that all the colours of the 
spectrum, however similar they may seem, are really distinct 
tints. But this oonsideratiou does not take in all the fhots of 
the oase. The green of the solar spectrum is not oompound, 
but simple ; and yet we know that, many substances of a green 
colour may be split into two oompo:^t8, one bind and the other 
yellow. Supposing for a moment we can exactly imitate tbs 



Fig. 2. 


gremi of the solar speotrum by mixing yellow and blue pigments 
together, this fact would not of itself suffice to prove that the 
solar green wae really a mixed hue ; but it would show that the 
sensation of vision is similarly excited by the waves that reach 
the eye from these two oolonrs — one simple, the other apparently 
oomponnd. PreciBely the converse of this holds good. We can, 
as might be expected, re-form white light by re-uniting all the 
seven dispersed coloured lights of the solar spectrum (we will 
describe how to do this presently) ; bnt we can reach the same 
result by re-ufiiting merely certain pairs of these coloured lights. 
Thus, the following unions of two colours generate white, or 
nearly white light : — 

1. Bod— greemsb-blne. I 8. Yellow— indigo-blue. 

2. Orange— Prussian-blue. | A Greonifii-yollow— violet. 

^ese pi^ of colours, and many others less easy to distinguish 

by intelligible names, when united lose their respective colours 
and become white. They are called complementa/ry colours. It 
will be seen that we have followed in our grouping of them the 
sequence of the colours of the spectrum, beginning with the red 
or least refrangible rays ; but in order to produce white light 
by the combination of any couple of the above colours, two ooih- 
ditions must be fulfilled — the intensity and the quan^iy of the 
component rays must be adjusted with care. By receiving two 
such coloured pencils of light upon a lens which condenses and 
brings them to the same focus on a white screen placed at a 
suitable distance, the result is a perfectly white light ; but, to 
secure this result, the constituents of a oolourod ray are as 
important as its apparent quality of colour. Thus Helmholtz 
has found that the red and bluish-green of the spectrum produce 
yellow, not white ; while red, with the bluish-green formed by 
the union of green and indigo, does yield white. Green and red 
have indeed a relation to each other which is different in some 
particulars from that of many other pairs of colours. They, how- 
ever, are often included among the pairs of so-called complex 
menta/ry colours for reasons to be heritor noticed. That there 
is something very peculiar in the relation of green to red may 
be also concluded from the frequency with which these two 
colours are confounded by persons who suffer from oolour-blmd- 
ness or Daltonism. 

One of the most curious of all the results of studying 
the re-oomposition of' white light is the relation of yellow to 
blue. It is a matter of observation that a yellow and blue 
Uqnid and a yellow and blue powder, when mix^ together, pro- 
duce respectively a green liquid and a green powto. l^t a 
very different result ensues on mixing blue and yellow light 
togt^er. When the bine and yellow rays of the spectrum are 
mixed together, white light is produced. The same effect 
results from receiving upon the eye the reflected image, of a disc 
painted with gamboge along with the direct image ot a second 
disc painted with cobalt-blue. Though a disc painted with 
these two pigments mixed together wo^d have appeared green, 
yrt when ^e lights these pigments resi>eotive]y reflect are con- 
veyed to the retina as ab<^ described, then, where the two 
images coincide, whiteness is the result. 

We must now describe some of the peculiarities of • different 
spectra, and afterwards a few of the more recondite methods 
whibh colour is prodnoed* 
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Onr purest sonroe of ooloured lights is a speotrom. We 
na^Tise the speotmm of the soUtr beams, or that from the 
eleotrio lamp t the latter is more oonvenient, and yields, as we 
have previously stated, a light more complex than the sun ; for 
in the solar spectrum there are some three thousand or more i^ps 
where rays are missing* These are the black lines first noticed 
by Wollaston, in 1802, afterwards mapped out by Fraunhofer, 
and at last explained by Bunsen and ICirohhoif . These black 
lines indicate lost rays — ^cays which have been Ifiotted out 
by absorption. The absorption takes place in the following 
mannspr t*^In the eun’s gaseous enyeiope certain vi^ppurs exist. 
These wspkMBs are opaque to certain rays of Uflrhi t they do not 
allow jHuoii to baM,, but quench them* tniere is» lor instance, 
the nmtai sodium in the sun’s gaseous oouering* ‘Kow sddium 
vapour is opaque to a certain yellow, ray which it itself origi- 
nates i^hen it is burnt. Consequently^ the place whioh should 
be occupied by a bright yellow baud ^'thn solar speohimm is a 
dark or rather group of lines, called B. In like manner 
the other black lines, or many of them, have been traced to the 
special absorptive powers possessed by the sun’s gaseous enve- 
lope, and exercised upon certain rays of light emanating from 
within. Ihese black lines, however, in the solar spectmm, 
though rendering it imperfect in continuity, are of great service 
in referring to the localities of partioulsT colours. Tet we 


following is a list of substances which give colours of diflibrrat 
hues to the fiame of a burner under the oiroumstances described, 
the metallic salts most applicable being those known as objo- 
ri^B, chlorates, and nitrates : — 

Substaneeitf. Colour* of JPlsnw* 

Calcium nitrate . . • Bed. 

Lithium chloride . . Gannitte. 

Btrontium nitrate or chlorate Criiraon, 

Sodium chloride . Tellow. 

Bariwn chloride or chlorate Tellowish-green* 

Boraoie acid . . . Green. 

ThaUium perchloride . • Green. 

Copper chloride . . • Bluish-green. 

Indium, chloride . . . Indigo-blue. 

Potaosium chlorate . . Violet. 

The above substanoes give, for the most part, speo^ with 
many bright lines of different colours ; but the red lines will 
dominate in one spectrum, and the green in another. 

Thus far we have been studying light and colour by means of 
the prism ; we will now see how the colours of the spectrum 
may be separated without that instrument, and yet without loss 
of any of their component parts. Some of the most beautiful 
phenomena of colour are produced by a modification whioh light 
undergoes when it passes the edge of an opaque body, or when 


must not forget that the material of the 
prism exeroises some influence upon the 
position of the lines and the relative extent 
of the ooloured bands. In the ooloured ^ 

plate (Technical Educator, Vol. II.) are * ^ 

shown the positions occupied by the ^ 

most important of the black lines and * f 

coloured spaces in the solar spectrum 
when obtained by means of a flint-glass •o — ' "HI 

prism in the spectroscope. The conditions - 

of success in obtaining these lines dis- 
tinotly ore a narrow, clean-edged slit, a 
collimating lens to make the luminous rays 
parallel, and a prism of highly-refraotive 
and dispersive glass, quite free from striie 
and flaws. The instruments known as 
cpectroscopes are, however, always of more 
complicated construction than these con- 
ditions seem to involve ; for it is desirable 
to use a battery of prisms instead of one • 
prism, and to obtain a magnified image of 
the spectrum by means of a combination ^ 
of lenses in a telescope. Let ns turn now 
to the consideration of the spectra as ob’ 
tained by means of the spectroscope. 

Most of our sources of artificial light - 

yield spectra without lines. An oil-lamp, I’ll 

gas-flame, the electrio light, are instances 
of this kind. But it is easy to secure 9 . flame which shall yield 
a very simple spectrum, reduced by the absence of so large a 
number of rays that it shall merely consist of a few bright 
bands,, or merely of one. Dissolve a little common salt, for 
instance, in some methylated spirit of wine, and introduce the 
solution into a spirit-lamp. The flame will, to the eye, appear 
tolerably luminous and distinctly yellow. The speciarum of 
this flame shows little more than a single brilliant yellow band, 
occupying the dark space of the solar spectrum caUed D. The 
metiJ sodium is distinguished from other metals by its flame 
emitting rays of tliat particular refrangibility only. If a salt 
of lithium be taken, and dissolved in spirit, the flame of the 
lamp will be crimson, and two coloured bands will characterise 
the spectrum. One of them is red, and very distinct; the 
other is of a faint orange tint. Other metals produce different 
rspectra, though in many cases the colour which they impart to 
*ihe fiame tf a Bunsen gas-burner or a 8 ]>irit-lamp may seem to 
the unassisted eye identical. 

In trying experiments with coloured flames, in order to study 
their effects on the appearance of different objects, the following 
contrivanoe may be used a (Fig. 8 ) is a Bunsen gas-burner 
(whioh is best made of steatite) ; b is a bundle of fine platinum 
wires, dipping into a small vessel containing a inixtnre of a 
.elution' ^ the metallio salt to be experimented wite, and am- 
monium chloride. A ball of pumice attached to a bundle of 
asbestos fibres may be substituted for the platinum wires* The 


it traverses a small opening. Light then 

i turns a oomer. This bending of the waves 
of light has been termed diffraction. The 
source of light in studying the phenomena 
of diffraction should be a luminous or 
. highly illuminated point. A silvered bead, 
or steel globule, or the focus of rays ob- 
tained by the action of a lens on a beam 
of light entering a dark chamber by means 
of a small hole — all these contrivances 
furnish a suitable light. If a narrow 
rectangular slit between two metallio 
edges be placed in a beam jf light, between 
the focus of a lens and a screen, the space 
between the edges will be occupied by 
bands of coloured light. If one colour 
only be used, as by the interposition of a 
screen of red glass, then alternate bands 
of that colour and black will bo seen. By 
using, instead of a simple rectangular slit, 
apertures differing in size, number, and 
shape, very beautiful ohromatio appear- 
ances may be developed. Thm may be 
obtained by looking at a bright point or 
line of light through a bird’s feather 
mounted in a oord-bame, through a piece 
r- 3. of glass dusted with lycopodium spores, 

through a fine wire*ff^^ 8 > through 
piece of very fine /fambric, or through a plate of smoked glass 
ruled with fine lines. 

The halo of colours sometunes seen round the moon and the 
sun is, a phenomenon of the same kind, produced by the diffrac- 
tion ^ light by the globules of water constitu^g the fog. 
Imperfect^ polidbed metals, feathers of many birds, and 
the surfaces mother-of-pearl, owe part, at least, of the peculiar 
ooloured effeots whioh they ^ibit, and whioh are known as 
iridescence, to the diffraction of the light reflected from the 
small strifls, filaments, or folds of their surfaces. 

Now, without entering into the minute particulars necessary 
to elucidate these appearances thoroughly, we may state that 
the phenomena of dif^aotion are due to two causes. One ov 
these is the bending of light round a oomer, as waves of watex 
bend round a rook in a lake ; the other, the interference of the 
waves of the light-rays so bent with one another. Interferenoe ’ 
of one set of oscillations with those of another set may even 
extinguish the light altogeUier. This takes place when the 
crests of the und^ations of a ray coincide with the hollows of 
the ondulationB of another ray: thus there will be rays on 
each side of a slit wlflch, bent by diffraction, will by this 
kind of interferenoe exactly neutralise each other and abolish 
the light. 

The ditfk bands and lines prodnoed by diffraction are ex- 
plicable in this way. As to the cause of the colours se^n 
under the oonditions just mentioned we may refer to the 
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obliquity of the paths of the diffracted rays. If red light be \ 
employed, blskok and red rings or bars alternate ; but with [ 
Tiolet light, black and violet rings or bars are seen. The violet 
rings are nearer together than the red, because their waves 
are t ha n tne red. We can obtain bands of colours 

intermediate in width between red and violet by employing, for 
« example, green light. Hence, when white light passes through 
a slit we obtain a series of coloured speotia side by side, | 
cause the constituent colours are not superposed, owing to the | 
obliquity of the paths of the rays and their different wave- 1 
lengths. More or less obliquity in the path of a diffracted I 
ray will cause it to differ, by various parts of a wave-length, 
from other diffriboted rays of the same beam. 

The colours of thin plates correspond in sequence, as do those 
of diffraction, to the colours of the prismatio spec^um. They 
are produced by the interference of the ray which enters the 
thin transparent film, and is refieoted from its second surface, 
with the ray which is directly refieoted from its first surface. 
A soap-bubble may be of such a thickness as to retard the beam 
reflected from its second surface by half a wave-length, or by 
any number of half wave-lengths. Then it will be found that 
the bubble is black, because the two refieoted beams are in com- 
plete discordance ; and a destruction of light follows. Then, 
again, soap-bubbles may vary very much in the thickness of 
different parts. As the waves of ^ht differ in length, so they 
will require different thicknesses to produce aooordanoe and dis- 
cordance. The result of this is that a thickness of film which 
is competent to extinguish one colour will not extingruish other 
oolours. Thin films of variable and changing tli^oknesses, 
illuminated by white light, will therefore display in their 
different parts variable and obanging colours. The oolours of 
the precious opal are due to the interference of the internal 
reflections from its minute vacuous fissures. The oolours of 
tar-films upon water, of many insects' wings, and of lead-skim- 
mingS, are due also to interierenoe. So also are the splendid 
chromatic appearances of certain crystals when viewed in 
polarised light, and, to some extent also, the colours previously 
alluded to as iridescent. 

We will next turn our attention to the production of colour 
by ** selective absorption,” to the re-oomposition of white light 
by the re-union of its scattered elements, and then to the 
mutual relations of those coloured elements. 
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fNSULATORS (continued ) — testinq thbit — mode of making 

JOINTS — LIGHTNINO CONDUCTORS — COVERED WIRE 

MODE OF MAKING JOINTS IN IT. 

However perfeot the insulators employed on any line may be, 
there is sure to be some slight escape of the current, and our 
care is to reduce this to a minimum. Dust and dirt settle on 
the insulators, especially when they are damp, and thus allow 
some portion of the electricity to esoape to the post. Formerly 
a screen was placed over the iqsulator, to shield it from the 
rain ; but it is now found that when there is a good glaze to 
the earthenware, the rain washes off the dirt, so that after long- 
continued dry weather a smart shower will frequently mate- 
rially improve the insulation of a long line: screen is 

consequently dispensed with. 

Glass and different glazes also condense the moisture of the 
air on their surfaces, and thus produce a damp layer, by which 
the ourrent escapes. In this respect ebonite is found to be 
mperior to any substance of a vitreons nature, but at present 
its durability and economy have not been sufliciently tested, 
and it is but little adopted for general purposes. When, 
through defective insulators, or in any other way, the ourrent 
leaks to the ground, the line is said to be “ earthy,” and usually 
defect may bo remedied by an increase of the battery power, 
if a fun contact is made with the ground, so that the whole or 
the greater portion of the ourrent is lo^ there is said to be 
** dead earth.” 

Very frequently a portion of the current leaks from one wire 
to ^ther, and in this way thii messages along both lines aw 
rendered more or less 'indistinct. There is then said to be 
ootttaot.” Spideie’ webs round the wiree win, when they 


become damp, act thus, and where the lines cross public streets, 
they are frequently fouled by the strings of kites. These 
strings beooming broken in the attempts made to save the 
kite, get twisted round the wires, and in damp weather greatly 
interfere with the communioation. 

In earthenware insulators cracks *are not nnfrequently pro* 
duoed by the unequal shrinking of the wire in drying or baking, 
and if these are covered with a glaze they may esoape detection 
at first. After a while, however, the glc^ cracks, and then the 
flaw becomes apparent by the esoape of the current. A good 
glaze is useful, since it hinders the adherence of dirt and dust, 
but it must not be depended upon as an insulator. 

All insulators should, before being employed, be carefully 
tested, so that defective ones may be rqjeot^. l%is is usually 
done by immersing the porcelain or earthenware portion for k 
few hours in dilute sulphuric acid, or in salt and water. One 
pole of a battery is then applied to the stalk of the insulator, 
and the other is immersed in the liquid, a delicate galvanometer 
being introduced into the circuit, and in this way a flaw is easily 
detected. In a few cases a portion of the glaze is removed, so 
as to test the quality of the ware itself. 

On a very wet day it is often found difficult to oommunicats 
with distant stations bn account of ” weather contact,” or the 
leakagfe of the current along the insulators and posts. In sneh 
a case it is frequently found very advantageous to join a fresh 
set of batteries side by side with the others, so as to increase 
the quantity rather i^n the intensity. 'Two batteries thus 
joined side by side are, of course, equivalent to one having oells 
double the size. 

The following experiments tried by Mr. Walker, of the Sonth- 
Eastem Bailway, illustrate this well. The figures in the last 
column indicate the strength of the current received at the 
further end, as shown by a quantity galvanometer. The line 
was a defective portion, five or six milea long : — 


CdU. 

Size. 

Strength. 

Celia. 

Sice. 

BtrengOu 

24 

Ordinary 

. . 10 

48 . 

. Double . 

. . 37 

24 

Double . 

. . 24 

72 . 

Ordinary 

. . 21 

24 

Treble . 

. . 27 

72 . 

Double . 

. . 43 

24 

Sixfold . 

. . 32 

96 . 

. Ordinary 

. . 23 

48 

Ordinary 

. . 19 





From this it will be seen that a greater power was obtained 
from forty-eight cells connected in pairs (twenty-four double 
oells) than from ninety-six connected in the ordinary way. 

In many of the telegraph wires that cross the roofs of houses 
in large towns, a form of insulator different from any hitherto 
described is employed. It consists of a^short cylinder of porce- 
lain (Fig. 5), with a hole pierced along its centre, and a broad 
groove round it, so that it somewhat resembles a short and 
stout reel. The wire is then passed round the groove, and 
fastened off as at an ordinary terminal insulator. Another wire 
is passed through the oentml hole, and by this it is affixed to 
the post. The wire at the other side of the post is fastened in 
a similar way, so that two insulators are required at every post. 
As, however, they are of a very simple form, consisting merely 
of a lump of porcelain, their cost is but small. A short link 
wire is oonnoctod beyond the insulators on each side, and forms 
the passage along which the electric ourrent passes. This plan 
is found much more simple and economical for carrying the 
wires over houses. If. any wire breaks, only the length between 
thd two posts is affected, and can easily be repaired ; it is also 
easier to stretch the wires when fastened in this way. 

Wire cannot easily be obtained in lengths of more than abont 
a thousand yards, and usua.ly it is made in shorter pieces; 
frequent joints have, thoroforq, to be made, and the manner of 
making those is a thing very groat importanoe. It is not 
sufficient merely to mako a strong joint, which shall bear tne 
strain : we must also ensure a complete electrical contact ; and 
as, after a while, the wire becomes more or loss oxidised, great 
care is necessary, or else in a short time the current would bo 
seriously impeded, or even altogether interrupted. The ioint. 
most frequently employed in England is that known as th(» 
Britannia joint, and is represented in Fig. 6. The ends of each 
of the pieces of wire to be joined are firkt carefully scraped and 
cleaned, so as to remove all oxida About half an inch at the 
end of each is then turned up at right angles, and the two 
pieces being laid side by side for two or three inches, aro core, 
fully and tightly bound round with galvanised binding wire. 
The 61 ^ should then be out ahort. as otherwise, wheu 
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blown about by the wind, they aire apt to hook the next wire, end ae it ia e mnoh better ocmdnotor then Iron, and liaa nt 
and thus make a false oontaot* f strain to support, it may be used of a much less diametet. 

In order to make the joint more seoure, the whole is vezy The simplest plan of insulating it, and that almost univer* 
frequently made tight by soldering, and many engineers eon- sally adopted, is to apply a ooating of gutta-peroha to it 
eider this of the utmost importance ; bnt in towns it is almost ^ carefully laid on when quite eoft and warm, and on 
given up, and little or no *praotioal inoonvenienoe is found to cooling forms a firm protection, and being a good IneuXator pre- 
aomrue. It adda, however, to the strength to employ edlder, Tcnte the escape of the fluid. Sometimes a second or third » 

sinoe the wires sometimes Income injured by the tsdsting, ^ 

and then, after a time, yield and bre^. 


Fig. 5. 


The o^er joint commonly employed is the twist joint, 
and in France it is almost universally adopted (Fig. 7). 

To midce this it is neoessary to have the 
ends of the wires quite soft and pliable, 
as otherwise they will break off short, 
and cause much inconvenience and delay. 

When carefully cleaned, they are laid 
aide by side for about five or six inobes ; the end of each 
is then carefully and tightly twisted round the other, a 
^aoe of about an inch being left in the mid^e, to avoid 
turning the wire too sharply, and thus injuring it. In 
order to make this joint, it is necessary to have a clip of 
some kind to hold the wires firm while they are b^g 
twisted. The French usually employ two small screw- 
^^ps fitted with handles, and wi& the aid of these the 
joint is easily made. In England an ingenious arrange- 
ment, consisting of two steel bars, jointed in the middle, 
is used. One or other of these two joints is almost univenally 
adopted. 

The wire employed is carefully tested for strength, and also 
for duotility. Short pieces of it are gripped between two vices 
six inches apart, which are then twisted in opposite directions, 
and the wire should stand from fifteen to thiriy twists, according 
to its size, before it breaks ; it is also tested by the application 
of weights so as to find its break- 
ing strain. As few welds as 
possible should be allowed, and 
these should be carefully tested, 
as it is usually at these places 
that the wire breaks. It is a 
very good plan, when stretching 
the wires, to draw them as 
tight as practicable by means of 
a block, and then let them be 



pulled sideweys with consider* 
able force. In this way they will 

be straightened, and the weak places very probably detected. 
They may then be pulled tighter and fastened to the insulators. 
* When a nun^ber of wires are placed on the same posts, care 
is required to ensure a sufficient distance between them, as 
otherwise, when they become a little slack, and ore swayed by 
the wind, they will touch. The lateral intervid, when the 
posts are at the usual distance of about sixty yards, should be at 
least twelve or thirteen inches, and the vertical distance ten 
inches. If the posts are further apart, greater distanoea should 
be given, 

'^en the wire is affixed to a terminal insulator it should 
not be twisted, as in that ease it is very likely 
to break. The end should be slightly turned 
up and then passed round the insulator, and 
securely bound after the plan shown in 
section at Fig. 8. 

Telegraph posts should always be provided 
with a pointed wire projecting above the top, 


ooating of gutta-peroha is applied ontfide the first, so that 
if an accidental flaw exists in the one, the other may 
cover it. The wires are nsually brought up at dis- 
tanoes of about a mile, into iron pillars arrangsd for the 
purpose, so that in the event of any 
interruption of the oornmnnioation, the 
wires can be tested, and the exact 
position of the fault ascertained. In 
this way much unnecessary trouble 
in breaking up the streets to discover the plaee of the 
injury is avoided. 

In many parts of London, a small cable may be seen 
overhead, snspended from two wires placed a li^e above 
it. This cable contains a large number of separate insu- 
lated wires bound together in one bundle. Host of these 
are private wires employed by different busmesa houses, 
for communicating with branch offices, or manufactories. 
The instnunents commonly used in these oases will be 
described in a future paper. The wires being coated 
with gutta-percha are completely insulated from one another, 
and single ones are brought out of the bundle at any required 
place. 

In a few instances subterranean lines are laid for considerable 
distances, but in these oases some additional protection is 
usually given, as it is found that the gutta-peroha alone, if 
exposed to the air, or to moist ground, perishes in a few years 
and becomes almost useleBB. On 
this account all external con- 
nections fxom offices which are 
made with this wire (and most 
are made with it) ought to be 
covered with tape, and to receive 
a good ooating of Stockholm tar 
once or twice every year. When 
this ia done they will last almost 
indefinitely. In very exposed 


and connected with the ground, so as to serve 
ae a lightning oondnotor. From their elevation 
they attract the lightning, and were it not for these conductors, 
it would pass along the lines and often do serious damage to 
the instruments or fittings. 

In most oases the wires are suspended in the air in the way 
we have been explaining. Occasionally, however, they are 
plaoed beneath the surface of the ground or the sea ; and then, 
it oonrse, they must be insulated along their entire length. 
Sometiipes, to avoid the inconvenience of fixing wires on the 
roofs of' houses, or the danger of their crossing publio thorough- 
fares, tlM^ are laid under the paving stones at ^ side of a 
street. The usnsl plan is to Isj a metal pipe in a narrow 
trendh, and to place the wires inside this pipe so as to protect 
them from aoeideatsl iigmgr* Copper wire is nsualliy employed, 


positions, it is better to protect 
them still further by enclosing 
them in a pipe, or putting a wood-casing round them. It is, 
of course, unnecessary to insist on the great importance of 
taking all such precautions. * 

Ab this wire is so much used, especially in important posi- 
tions, it will be well here to explain Ihe way in which joints may 
be made in it. 

A few Vffifcow strips, of the very thin sheet gutta-percha 
should be in readiness, and also a little warm gutta-percha 
about one-eigbth of an inch thick. One or two tools for heat- 
ing, and a spirit-lamp are also required. Having softened the 
wire by warmth, the covering may very easily be stripped off 
with a knife for just as far as is requisite 
to make the joint. The ends should bo 
well cleaned, joined,, and soldered in the 
usual way with the twist joint. Sometimes, 
as an additional precaution, the joint if 
bound with thin wire before soldering. The 
gutta-percha on the wire beyond the joint 



Fig. 8. should be softened and tapered down to the 

wire. 

Now take a narrow strip of the thin sheet, end fixing it to 
the warm tapered part, twist it spirally along all the joint, and 
fasten at the other side. Having done this, gently warm 
surface; then lay^on in the same way as before a second strip, 
wrapping it round in the reverse direction, and warm again. 
Sometimes a* third strip is added as an additional safeguard, 
and in important places it is well to do so. Ontaide this lay 
on a layer of the thicker gnttopperoha, taking oare to make a 
good oontact with that covering the wire beyond the joint, and 
smoath and finish off the whole with a warm tool. Witk eare 
and oleanUness, a joint thus made is as seoure as the zest of 
the wire. Moisture or dirt, however, if allowed to enter diuang 
the prooees, will impair the joint vezy mnoh. 
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APPLIED MECHANICS.— in. 

BY SIB BOBEBT STAWELL BALL, LL.D., 
Astronomer-Boyal tor Ireland. 

BXP9B1WENTS 0» TStt THBEE - SHEAVE BULLET - BLOCK — 
BItfFEBSNTlAL BULLET — BPZOTOIiOlDAL PULLEY — COH- 
CLUDINa BEKARKS. 

The throe-sheave pnlley-blook has been dosoribod iu ** Me- 
chanics. ’’—XIV. (Popular Educator, Vol. III., page 396). 
Onr duty is to describe the mode of experimenting with it, to 
record the results, and to explain their significance. 

One experiment will be folly explained, as by this means the 
TjTOCOss bo better , understood. The sheaves 
were about 2” *5 in diametor, and the rope used 
was what is called technically “imperial patent 
sash line.^* A weight of 228 lb., not including 
the weight of the block itself, was attached to 
the hook of the lower block. According to the 
theory of virtual velocities, a power one-sevonth 
of this should be sufficient to i^e this load, but 
a power of 38 lb. was found 
not sufficient, thongh if the 
load were raised a little, 38 
lb., or indoetf less, would 
prevent it from overhauling. 

It was found that a power 
of 56 lb. was necessary in 
order to raiso the weight, 

BO that tho power is seen to 
be about one-fourth of tho 
load, instead of one-sixth. 

A series of experiments with 
different loads was tried, and 
the result is given in the 
table below. 

Tho first column shows the 
number of each experiment, 

(there wore eight in all) ; 
the second column gives the 
load, which was in each case 
suspended from the lower 
puUoy-block ; and the third 
column gives tho corre- 
sponding value of tho power. 

Prom columns 2 and 3 the 
formula — 

P - 2-36 -t 0*238 E 

has boon oalonlatod to bo that 
which represents the relation 
between the power P and the load B 
with the greatest fidelity. Tho calon- 
lated values are shown in the fourth 
oolumn, and they are compared with 
the observed values in tbe fifth column, 
which shows the difference between the 
two. Thus, for example, in Experiment 
7 a load of 895 lb. was found to be 
raised by a power of 97*0 lb. ; but had 
we used tho formula we should have 
found — 

2*86 -f 0*2 88 K 97 « 96*4. 

THBBE-8HBAVB PULLEY-BLOCK, SHEAVES 2"'5 ON WBOUOHT- 
IRON AXLES. POBMULA F — 2*36 + 0*238 B. 


iberof 


8 

4 

6 

6 

7 

8 





Difference 

Load in lb. 

Observed 
Power in lb. 

Calculated 
Power in lb. 

of Observed 
and Calcu- 
lated y aloes. 


15*5 

15*9 

+ 0*4 

114 

29*5 

29*5 

+ 0*0 

J7l 

.43*5 

48*1 

-0*4 


56*0 

56*8 

-fO’O 

281 

70*0 

89*2 

-0*8 


83*0 

82*8 

-0*2 

895 

97‘0 

96*4 

-0*6 

453 

109*0 

109*0 



9— N.B. 


On examining the table it will bo seen that the differenco, 
0*6, between the oalonlatod power and the observed power is 
shown in the fifth oolumn. It will be noticed that thi dif- 
feronoes between the oalcnlatcd and the observed values are 
always very smalL This shows that the formula represents 
tho experiments with aoouracy. ^ 

THE DIFFERENTIAL PULLEY-BLOOK. 

A pulley-block which has been introduced within tho last 
few years, and which has been found of the utmost practical 
utility, has been called the Differential Pulley-blook. It is a 
convenient adaptation of a mechanical principle which, thongh 
of oonsidorable antiquity, was never applied in praotioe until 
the invention of this machine. The principle 
of the machine will be understood from Pig. 
2, which shows in a diagrammatic form the 
action of the pulley, while its general appear- 
ance is^given in Pig. 1. It consists of a fixed 
and a movable block, and an endless ohain. The 
upper block, A (Fig. 2), is composed of two sheaves, 
which are, however, in one piece, and tom to- 
gether. The diameter of one 
of these sheave? is a little 
greater than tho diameter of 
the other. Tho lower block, 
B, differs from the ordinary 
movable pulley only in 
having sm^l ridges in its 
groove, in order to receive 
the links of the ohain pro- 
perly. An endless ohain con- 
neota the two blocks; the 
course of this chain is indi- 
cated in tbe diagram by tho 
arrows. Starting from p, 
where the power is applied 
by the hand, the chain 
passes over tho larger sheave, 
then down under the mov- 
able pulley, then up again 
around the smaller sheave, 
and book again to p. 

The action of the machine 
will now be easily seen. The 
upper block winds up tho 
ohain on the side marked c, 
and at the same time lowers 
it on the side marked D, as 
indicated by the arrow ; but 
since the circumference of 
the groove by which the 
ohain is raised is greater than the 
cirenmferenoo of tho groove by which 
it is lowered, it follows that the ohain 
must be wound in a little faster than it 
is lowered out ; hence tho pulley, B, 
must be raised gradually, llie origin 
of tho name is then evident ; tho raising 
of the load is duo to the difference of 
these actions. By having the ohain 
endless, a much smaller length of chain 
will suffioo than would otherwise be 
neoGSsaxy. 

velocity ratio of tho differential pulley is most 
easily ascertained by measurement. Thus, in a pulley 
of this class which is adapted for raising weights up to 
a quarter of a ton, the velocity ratio is 16. This was 
found by observing that sixteen feet of ohain must be 
palled out of the upper block in order to raise the hook 
one foot. But the mec h an i cal efficiency of this machine 
is by no means sixteenfold. Attaching 5 owt. to tbe hook, 
it is found that 86 pounds must be attached to the ohain 
in order to raise it. The power is most conveniently at- 
tached to the ohain by means of little hooks, which pass 
through the links, and can receive tbe rings attached to the 
weights. Hence, from this experiment we see that the me- 
chanical efficiency is 6i*6, or roughly, six or seven-fold. Thus, 
in tho use of this mao^ne, though the power of a man is 
enabled to lift a weight six times greate? than would bo pos- 
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aiblo ^tbont ibis asaistaTioe, jot more than balf of the energy 
or work which ho pnta into it ia oonaumed by friction. Thia 
apparent loss of energy is not only naelesa, bat, unfortunately, 
as energy ia never really lost, what ia not usefully employed 
expends itself gradually in abrading the parts of the pulley, 
producing what is known as wear and tear. To resist this as 
far as possible, the working parts of the difPerential pulley are 
speoially hardened. 

^ It often ozoites surprise in one who sees for the first time a 
differential pulley in action, that when the weight has been 
raised it Will remain suspended without the chain being held 
or fastened. This property of not overhauling is one of the 
most useful features of the pulley. It is not only very oon- 
renient, but is a source of safety, as accidents often occur 
when heavy weights are raised by machines which do not 
possess this property. In fact, in the use of the differential 
pulley, when the weight ia to bo lowered the chain Q must be 
polled, just as p must be pulled when it Is being raised ; by 
holding one of those chains in each hanr he position of the 
weight can be adjusted with the greatest nicety. This adds 
very much to the general utility of the differential pulley, and 
renders it a mechanical aid of groat value. 

That the differential pulley does not overhaul, arises solely 
from the fact that more than half the power wMoh is applied 
ia lost by friction, and therefore when friction acta to prevent 
motion it ia more than sufficient for the purpose. Thi* pro« 
porty applies to all the meohanioal powers where the meohani- 
col efficiency is leas than half the velocity ratio ; as, for example, 
in the screw, but not in the throe-sheave pulley-blook. 

The liandle which ia attached to the npper block of Fig. 1 
shows a modification of the differential pnlley, which is some- 
times useful ; by taming this lover the block is turned round, 
and ^therefore the load is raised ; by having a long lover the 
power can bo greatly increased. By thia moans a man is 
enabled to lift a ton or oven more without using any very 
great exertion, but the rate at which the weight is raised is, of 
course, very slow. 

ICXPBEIMEXTS UPON THE BPICTCLOIDAL PULLEY. 

In Fig. 3 we have represented another kind of pnlley, whioh 
ia often called the epioyoloidal pulley-blook. In this ^ere aro 
two chains — one stout chain with a hook at each end, on which 
the load is carried j the other a smaller ohain, which passes 
over a sheave in the upper block, and by moans of whioh the 
power is applied. Holding one part, p, in one hand, and the 
other part, Q, in the other hand, the weight can be raised and j 
lowered with the greatest facility. The meohanioal power of i 
this pulley is about fivefold, and as its velocity ratio is 12, it i 
follows from the principle already laid down that the weight 
cannot ovorbanl. | 

There being two distinct hooks on the load-ohain, one of 
those hooks is always low down and convenient for raising, 
whon the other has carried up its load. This is a praotioal 
convonienoe whioh, as the student may have noticed, is not met 
with in the differential pulley. 

OONCLUDINO BEUARKS. 

The values of the velocity ratios and meohanioal efficiencies 
which have been given in this lesson for differential pulleys 
apply only, of ocurse, to the actual specimens whioh have been 
examined. Various sizes of differential pulley«blooks are 
mode, but the ono hero referred to is that size adapted for 
lifting a quarter of a ton ; the more general principles apply 
to all sizes, but it was thought better to desoribo fully one 
form. The samo remark may be made about the epioyoloidal 
pulley-blocks. 

Various other blocks differing more or loss from those men- 
tioned ore met with. The way to study them is to perform 
the two processes hero described.. Hrst, measure the distance 
ihmugh which the power must bo moved whon the load is 
raised one foot ; then attaching a given load to the load-hook, 
see what power will raise it. The ffirst operation gives the 
veh^ty ratio ; the second, the mechanical efficiency. A oom- 
parison of those numbers, which would be equal in a perfectly 
frictionless machine, shows how much of the power is lost by 
friction.^ And we cannot repeat too often, that when the 
mechanical efficiency is reduced by friction to less than half 
the reloci^ ratio, the machine does not overhanh 
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BY aBOEQE OLABSTONB, 7.C.3. 

DTEINQ (continued). 

In the praotioal operation of dyeing the first thing that has to 
be oonsidered is the material to be dyed. The .same processes 
cannot be applied to cotton, flax, wool, silk, etc., indisorimi- 
nately ; in fact, it may be taken almost aa a general rule that 
one whioh suit a vegetable fibre will not suit those derived 
from the animal k^dom. It is not, howev^, snffloient merely 
to divide the artioles to be dyed into these two classes, for 
cotton and flax will not dye equally well by the same process, 
nor will a given amount of dye-stuff produce the same effect 
upon wool after it is spun or woven as before — one quality, too, 
of either wool or cotton will take up oolours much more readily 
than another. Nowadays there is a great disposition to use 
mixed goods aa articles both of dress and furniture, in whioh 
cotton and silk, or cotton and wool, or a mixture of the latter 
with goats'-hair, are woven together. All such, if th^ are to 
be subsequently dyed, demand much oonsideration as to the 
moans to be adopted. 

The animal snbstanoes are, in nearly all oases, the most sua- 
oeptible to the dyer’s art, more brilliant oolonrs being prodnoed 
upon silk than on any other material. Woollen goods also dye 
very well; the sodrlet of our soldiers’ ooats, whioh is produced 
by ooohineal mordanted with oxide of tin, being a colour the 
equal of whioh cannot be attained on any vegetable tiasue. It 
is, therefore, a matter of no little difficulty to dye a mixed 
fabric of an even colour. 

By the aid of chemical solvents, if other means fail, the 
dyer can at once detect any mixture in the materials of whioh 
the cloth to bo dyed is made. For instanoo, biohloride of tin, 
whon heated moderately, will turn vegetable fibres black, while 
animal substances will remain unaltered. If a mixed fabric of 
ootton and wool be boiled in oanstio soda, the wool will be 
disBolvod and the cotton will remain untouched. Again, ootton 
is whitened by chlorine, but silk and wool are turned yellow. 
Having determined this point, the next ^tep is to prepare the 
article for dyeing. Of whatever material the goods may be 
made, it is necessary to free them from grease, iron-mould, 
or any other accidental impurity ; and if they ore to receive 
any light or delicate tints, they must bo properly bleached. If 
the goods are fresh from the manufactory, they are sure to 
I contain either grease or some dressing ; and if they are old, 
there will probably be some accidental stains, whioh will re- 
appear more or less after dyeing, if they are not first eradicated. 

The material being thus prepared, the subsequent processes 
will depend much upon the article of whioh it may be made. 
Confining our attention at present to simplo fabrics, we must 
take them separately. 

8illc . — To produce a good colour, silks should first be im- 
mersed for some hours in a strong solution of alum, whioh must 
be dissolved in cold water, for if applied hot it is injurious to 
I the lustro of^>thd silk. After the aluming, they should be the- 
I roughly washed in pure water. A good permanent red may 
then 1^ produced by a mixture of oochine^ with bitartrate of 
potash and spirits of tin. For a yellow, weld is very commonly 
employed, the silk being put into a hot solution in whioh some 
soda is dissolved, the quantity of the latter depending upon the 
shade desired, an increase of the soda rendering the colour 
more ir tense. For blues, recourse is generally to indigo, 
with tbo addition of a little potash and madder, the vat being 
kept moderately warm during the process. There is, however, 
oonsiderable difficulty in producing an even colour with this 
dye, and the silk should be dried rapidly when taken out of the 
vat. To obtain an intense black, it is necessary to deprive the 
silk, as much as possible, of the gummy snbstonoe natnrally 
belonging to it, whioh 'j done by boiling it in a strong solution 
of soap — a desirable things by the way, in every ease, as all the 
oolours take better the more thoroughly the gum is removed. 
This being done, it is steeped for a day or a ^y and a half in 
a very strong decoction of galls, or one of the other snbstanoes 
mentioned in the previous artiole as havhig the same ohemioal 
property, after whioh it is immersed in a solution of sulphate 
of iron. Greens are usually prodnoed by dyeing the silk yellow 
in the first instance, and then blue. Violets and pnrplos may 
be obtained by dyeing first with cochineal (no tin being added 
to it in this case) and subsequently with indigo, the relative 
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ffixengUui of iho two dyes beiner adjusted aooording to the tint 
desired. For idl these oombinations, however, the aniline dyes 
are now snperseding the others, on account of the irreat beauty 
of the tints. They have a great affinity for silk, and the 
operation is consequently very simple : a solution of the dye is 
made in cold water, and the silk worked in it until it has 
acquired tiie requisite depth of colour. 

Iq all oases the silk, after being taken out of the dye, must 
be washed in oold watm before being hung up to dry. 

Wool . — Care must be taken to rid the stuff of the grease it 
always oontidns by scouring it well in soap and water or a 
strong solution of soda for several hours. It is then ready to 
receive the dye, which is always to be applied hot, the wool 
being afterwardis washed in cold water. It can be dyed blue 
by indigo in the manner described in the previous article for 
dyeing cotton, except that the vat must be kept at an elevated 
temperature. For woollens, however, the vat is more generally 
prepared in another way, and goes by the name of the “ pastel 
vat.** The difference consists in substituting for the sulphate 
of iron and the large quantity of lime, other ingredients for 
deoxidising the indigo, one of &em acting the part of a dye at 
the same time. Pastel or woad was, indeed, used almost ex- 
clusively 200 years ago for dyeing blue, but has since been 
quite superseded by indigo, on account of the latter giving a 
richer colour. To prepare a vat, about 400 lb. of woad, 20 lb. 
of madder, 10 lb. of bran, and 8 lb. of lime have to be boiled 
up together^ In the course of twenty-four hours it will be in a 
state of fermentation, and the bath will have acquired a yel- 
lowish tint. It is then ready to receive the indigo — say almut 
20 lb., wilk a further addition of about half that weight of 
lime — and in about six hours more the indigo will be' converted 
into the white soluble state previously described. The wool is 
then dipped in the vat for about an hour, after which it is hung 
up in l3ie air to dry, during which process it turns blue ; the 
dipping being repeated several times if very deep shades are 
roquir^. This vat, when once prepared, will last for months, 
but the supply of indigo must be renewed from time to time as 
its strength becomes exhausted. 

The substances employed for dyeing red in all oases require a 
mordant to fix them. If madder be used, the cloth should be 
first steeped in a solution of alum and bitartrate of potash. 
To produce a brilliant scarlet, a little cochineal should be boiled 
up with bitartrate of potash and spirits of tin ; and after the 
wool has been dipped in this mixture, washed, and dried, it 
should bo immersed in a second bath containing a strong solu- 
tion of cochineal. Lao is used for the same purpose, and with 
the same mordants. To obtain a good black, the wool is first 
dyed blue, then boiled in a solution of galls or any of the other 
articles previously named which possess the same properties, 
and finally in a bath of sulphate of iron. For a green it is 
generally found best to dye the stuff blue first, and afterwards 
yellow. For violets and purples the blue should form the 
foundation, though some shades of these compound colours 
may be made in the bath by a mixture of the various ingre- 
dients, by which a saving is effected in the number of operations. 
Mauve and the other aniline dyes also act very readily upon 
wool by merely working it in a lukewarm aqueous solution. 

^ Vegetable fibres are not so readily dyed as those already con- 
sidered, nor can colours of equal brilUancy be produced upon 
them. After the fabrics mode of them have been properly 
cleansed they are subjected to the operations of aluming and 
p.lHng. The materials used for these purposes are sufficiently 
indicated by the respective terms. 

Flax . — ^After being thus prepared, it may be dyed red with 
madder by a process similar to ttiat used in dyeing cotton 
Turkey red, which will be considered presently. This is almost 
the only shade of red which can be produced as a fast colour on 
vegetable tusues. Quercitron furxdahea a beautiful and perma- 
nent yellow. For blues, indigo is almost invariably em^oyed. 
A through black is not readily obtained, but the most approved 
plan is first to dye the linen with a deep blue, then steep it in a 
strong decoction of galls, and finally in a bath containing one* 
of the salto of iron sdong with acetic acid. 

Cotton is genendly dyed in the some way as flax. The mode 
of using indigo has already been described in detail in the pre- 
vious article. The Turkey red process is certainly the most 
oomplicated of all, but it demands special notice, as it is very 
extensively carried on, paiticttlarly in Glasgow and Hanohester, 


tad princes one of the most durable colours known. The 
little minutisB must inevitably be omitted for the sake of brevity, 
and only the most oharaoteristio operations described, though 
very great exactitude in all the deinils is necessary in order to 
produce a thoroughly satisfactory result. The cloth, having 
been carefully fr^ from the weavers* dressing, is steeped 
three snooessive times (being dried on the grass l^tween each) 
in,a bath containing the follcming ingredients to 15 gallons ci 
oold water >1 gallon of olive oil, 1^ of sheep’s or oow^s 
dnng, 4 g^ons of a solution of carbonate of so^, and 1 gallon 
of a solution of pearl-ash. The steeping in this liquor should 
last for a fortnight at leMt. The cloth is then passed through 
a warm and weak solution of pearl-ash, steeped again three 
times as before in a bath oontaining 1 gallon of olive oil and 
3 of soda lye to 18 of water ; and then passed again through a 
wash of soda and pearl-ash. These may be considered the pre- 
paratory prooesses, the chief peculiarity of which ooxisists in 
the use of oil and dnng, which together act as a mordant upon 
the outer surface of the cotton fibre, and prepare it to take up 
the dye that is subsequently to be applied, alkali through 
which the fabric is passed saponifies and carries off any excess 
of oil remaining over from the preceding operations, the rest 
being apparently decomposed by the action of the other in- 
gi^dients with whioh it is mixed. The cloth is next galled 
with a deooction either of gall-nuts or sumach, and then alumed, 
without which the dye woidd not be permanent. The colouring 
matter used is madder, to whioh some buUook’s blood is added, 
the quantities varying according to the intensity of the colours 
required. Tho fabric is jJut into the dye when cold, whioh is 
then raised to the boiling-point, and kept at that temperature 
for a couple of hours. It is finally boiled in an alkaline solu- 
tion in whioh a little protochloride of tin is dissolved, and then 
spread out to dry. The great peculiarity of this process is, 
that while the usual object to be athiiuod in dyeing is to fill 
tho internal cavity of the twinsparent fibre with a colouring 
matter whioh shall be insoluble, the Turkey rod dye is princi- 
pally deposited on tho onter surface, and has entered into actual 
combination with tho fibre itself — a circumstance to which both 
the permanence and the brilliance of this dye are attributed. 
Mauve, or any of the aniline colours, will dye cotton ; unlike 
silk or wool, however, the fabric must be mordanted in order to 
produce a fast dye. It is best to soak it first in a decoction of 
sumach, galls, or other article rich in tannin, then pass it 
through a solntion of stannate of soda, and lastly dilute snl- 
phnrio acid. Ihen the cotton will absorb the dye most readily. 

Hitherto attention has been directed to the dyeing of fabrics 
made exolnsively of one material. The mixed goods have also 
to be dyed, and that either of one or more colours ; for instanoe, 
a damask may be dyed of one uniform colour, or the cotton 
may be of one and the wool of another. In either operation 
the affinity of the materials for different colouring matters has 
to be taken into consideration, os well as the manner of apply- 
ing them ; picric and rosoUo acids, for instance, cannot be ns^ 
for dyeing cottons, nor are the oomponnd cyanides of potassium 
and iron applicable to woollens. With mixtures qf cotton and 
wool it is nearly always necessary to dye the latter first, as it is 
more tenacious of tho colours imparted to it ; but if tho^ cotton 
is to be blue the order of proceeding is reversed, the indigo dye 
being so fast as to be nnaffocted by the subsequent operations 
upon the wool. It is not so easy to produce different colours 
upon a mixture of si^k and wool, because they are both a nim al 
substances, and are each more or less a^d upon by tho same 
ingredients ; the silk, being more retentive, is, however, gene- 
rally dyed first. With a mixed fabric oomjpoBed of silk and 
cotton the same order is followed. 

There are two ways of dyeing mixed fabrics of one uniform 
colour — either separately or at one proooss. I^et us suppose 
that a mixture of cotton and wool hM to be dyed black. The 
latter can be dyed first with camwood and sulphate of iron in 
the manner already described, and then the cotton in a solution 
of snmaoh followed by sulphate of iron. They may, however, 
be dyed simultaneously (and oven if the t'abrio should also con- 
tain silk the process w^ apply) by steeping '&e article in a 
deooction of sumach, and then in a solution containing equAl 
parts of bitartrate of potash, sulphate of iron, and sulphate of 
copper ; after rius wi^ logwood, and again with the sulphate 
of iron. Other oolonrs b^des black may be produced uj^ 
mixed goo^ by a sixigle process; the adlostment of the in- 



132 


the TEOHNIOAL EDUCATOR. 


frteoionta needs, however, coneiderable nioetyi in order to adapt 
to the varied powers of the materiaU in taking up the 
dilferent dyes. 

Throughout this ohapter it has been taken for granted that 
the materials are the best of their respeotive sorts. Many 
of them unavoidably vary oondderably In quahtyi while others, 
again, are in sudi a condition as to be easily adulterated. It 
is very important, therefore, that the operator diould be tho- 
^ roughly amred both as to the purity and quality of the in*. 
grdUents, or he may be grievously disappoint^ in the result. 


PROJECTION.— VIL 

CYLINDEBS AND CONES. 

PLAN AND PROJECTION OF A BPSBD.PtTLLEY (IHg. 89). 
Tais is a further application of the lessons on the projection of 
cylinders, wheels being, as it were, sections out from cylinders. 
The subject is composed of three pairs of parallel circles. 
Having drawn the plan, deso^e on A B a somicirolo, and 
divide it into any number of equal pa2 ' *» in c, d, e, /, y. From 
each of these points draw lines meetmg ▲ B at right angles 
in c* d' <j' f g\ These lines will out c d in c”, d ", c", g”. Draw 

a line, x x, at a height above i L equal to the radius of the 
circle — viz., e' c. From A B, and all the points between thorn, 
draw perpeodioulars passing through x x, and on these per- 
pendiculars set off on each side of x x distances corresponding 
to the distance between the point similarly lettered in the semi- 
rirclo and the line a b, as e e\ d d\ etc., and this will give the 
points a',b', c't D‘, e', f\ q\ through which the ellipse is to bo 
drawn. From each of the points last mentioned, draw hori- 
zontal lines, and interseot them by perpendioulars from the 
points c, d", e", etc., in the plan, and the intersections of the 
lines correspondingly lettered will give the points e", d”, a”, 
etc. The other two wheels are to be projected in precisely the 
same manner from semicirolos equal to half their surface. The 
lettering of those is omitted in order to avoid confusion in the 
diagram ; but the student, who is expected to work on a much 
larger scale, is advised carefully to letter every point. 

CONES AND THEIR PROJECTION. 

A cone is a solid, the base of which is a circle, and the body 
of which tapers to a point called the apex. 

The straight lino drawn from the centre of the base to the 
apex of the cone is called the axis. 

When the axis of the cone is perpendicular to the base, tlie 
cone is called a ** right*' cone; but when otherwise, it is called 
an “ oblique ** cone. 

^ The curved imrfaco of a oono is equal to the sector* of a 
circle, the radius of which is equal to a straight line drawn 
from any point in the circumference of the base to the apex, and 
the arc-line of the sector is equal to the ciroumforoiioe of the 
base of the cone. 

Fig. 90 is the plan and elevation of a cone when standing on 
its base, its axis being perpendicular to the horizontal and 
X>arallel to the vertical plame. The apex is thus over the centre 
of the plan, and the solid is therefore colled a iHght cone. 

1^. 91.— -Tp draw Idio plan of this oono when lying on the 
horizontal plane with its axis parallel to the vortical plane, draw 
the elevation lying on i l. To do this, at any point in i l con- 
struct au angle similar to A B (; in the elevation ; make the sides 
of the angle equal to those of the elevation, and join a' o'. Bisect 
the angle, and produoe the bisecting line to d. This will be the 
axis. Now begin the plan by drawing o b parallel to i n. From 
D m the elevation, with radius d a', describe a semicircle, and 
divide it into any number of equal parts in e, /, g, h. From each 
of these points draw lines meeting a' o at right angles, and from 
these points of meeting drop perpendioulars passing through 
0 b on the points c, /, d, Set oft from these points on their 
TOspeotive perpendiculars, and on each side of o b, the lengths 
of tile linos between A c and the semioirole, and by this means 
the points through which the ellipse is to be drawn will be 
(mtaiu^ Join the point b to ea^ end of the elUpse, which 
win^thus complete the plan. The students should now, as an 
exero^, turn the plan so that its axis is at a given angle to i L, 
and then make a projection from it and the present elevation. 

* A Motor Is a port of a oirole contained between two radii aad a 

portion of the droainferenoe. 


Fig. 92 shows the elevation and plan of the cone when rest^ 
on the extremity of one diameter of the base, the plane of which 
is at 80^ to the horizontal plane. 

It will be evident that whether the oone lies on the paper, or 
stands on one extremity of a diameter of its base, so long as 
the axis remains parallel to the vertical plane, the elevation will 
be the same in form — changed only in position— and therefore 
the line which is the elevation of the base has been placed at 
the required angle. Construct on it rn isosceles ti^ngle of 
the given altitude, which will form the elevation of the oone. It 
must here bo remarked that this figure and the next have been 
left unlettered, so that the student may become gradually accus- 
tomed to follow the points through their various change of 
position ; and, with Fig. 91 to gui^ him, it is thought that he 



will be able to complete this projection of the plan from the 
instructions here given. 

It will be remembered that although the base of the oone is 
rendered by a straight line in the elevation, that line is the 
edge elevation of a circle ; therefore, from the middle point in 
the line doiaribe a semidrole, which wiU represent one-half of 
the base, turned up so as to be parallel instead of at right 
angles to the vertical plane. Now divide this semioirole into 
any number of equal parts, and from each of those draw lines at 
right angles to the diameter. Next draw a line in the horizontal 
(or lower plane) parallel to x a portion of this line will 

become the ax is of the oone. From each of the points in the 
base of the oone draw perpendiculars passing through 
horizontal, and make them the same length on each side as the 
lines drawn from the points in the semioirole to tiie diameter. 
Through these points trace by hand the ellipse, which repre* 
sents the plan of the base, being the view from a point imme^ 
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diatelj over it. Drop a perpendionlar from the apex of the 
elevation to out the horizontal, and this interaeotion will be the 
plan of the apex. Join thia by etraight lines to the ?ridest 
parts of the ellipse, and this will complete the projection. 

Fig. 93 is the projeotdon of the cone when the bate is at 80^ 
to the horizontal, and its axis at 45^ to the vertical plane. It 
has been shown in several previous 
dgures that an object may be rotated 
without the height of any part of it 
being altered ; and thus, as in the pro- 
jeoUon now required, the base of the 
cone is to be at an angle to the 
horizontal plane simUar to that of the 
last figure, thp plan will bo the same in 
shape, but altered in position; there- ^ ^ 
fore, repeat plan of Fig. 92, placing it 
so tl^t the axis is at 45^ to i l ; then 
draw perpendiculars from all the points 
in the ollipso, and out them by hori- 
zontals from the points in the elevation. 

Draw the projection of the base through 
the intersections. Draw a perpendicular 
from the point which is the plan of the 
apex, and a horizontal from ^e apex in 
the elevation. The intersection of these 
will give the apex of the projection. 

Join this point to the ellipse represent- 
ing ihe b^, which will complete the 
figure. 
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If a cone bo cut across, so that the 
plane of section may pass through the 
axis at an angle, and cut the slanting 
surface of the cone on the opposite sides, the section is called 
an cllipsG.* 

TO DBAW AK ELLIPSE WHICH SHALL BE THE TRUE 
SECTION OF A CONE ON A GIVEN LINE. 

Lot Fig. 94 be the plan and olovatipn of the cone, and A B the 
line of section. Divide the circumference of the plan into any 
number of equal parts in c', d, b, f, g, h, i', and d', s', a', h', 


The line in the elevation is therefore the radius s y in 
the plan, and thus the plan of any point marked on must 
fall somewhere on the radius E ;x. Now the Beotion-line A B 
outs through all the lines drawn to the apex of the cone in the 
points d, e, /, g, h, and it will be remcmbOTed that, althoni^ in 
the elevation the section is represented by a single line, A B, it 
will assume a different form in pl^ 
From points A and B draw perpen^ 
diculars cutting the diameter & i' in d 
and h, and from d, e, g, ^ in the elevation 
draw peipondioul^s cutting the radii of 
the plan which bear the same ^letters. 
Draw the curve, which will unite e'd'ada, 
and also the curve uniting g* Wh hg. It 
will at once be seen that these two 
, curves form the ends of an ellipse which 
^ is to be tlie plan of the section, but that 
a point is w;anted on F and f' in order 
to complete the figure. But we cannot 
draw a perpendicular from the point / 
in the elevation, to out the radius F in 
the plan, as we have done ip the other 
lines, because the radii f f' are hut 
portions of the same perpendicular on 
which the point f is situated, and there* 

, fore no intersection can be obtained. 
Now let us remember that the line 
p" j", though appearing perpendicular to 
I L when looked at in its present posi- 
tion, would, if looked at from k, in the 
direction of the arrow, be seen to be as 
much a portion of the slanting surface 
of the cone as j"', and therefore the line 
y* would bo seen to make the same 
angle with the horizontal plane os i" j". If therefore we rotate 
the cone on its axis, the point / will move to / J, and a per- 
pendicular drawn from // will give us // in the plan. If now 
we tnm the cone to its original position (which will be repre- 
sented by drawing a quadrant from the centre of the plan with 
radius J//), the quadrant will cut the radius p in / and p' in/”. 
Join e and g and e* and g' by curves passing through / and Z', 
which will complete the plan of the section. This is not tim 



and draw radii. Frojoot these points on to the base of the , 
cone, and from n”, etc., draw linos to the apex y. The 
cnagram up to^ this point represents a cone, up the slanting 
Burfwe of which straight lines have been drawn, which on 
Wking down on the apex would appear as radii of the circle 
forming the plam 

* differs from an oval by being the same shape at both 

enos ; but in on oval, the one end is more pointed than the other. 


true section, but the view when looking straight down upon it, 
and OB it is slanting, its length from a to 6 will seem ifhortor 
than it really is. It will be evident that the true length of the 
section is the line a b.^ From these points, and a.l8o from 
<2* ^f/i 9i K draw lines at right angles to the section-line, and Af 
parallel to it. On each side of the points d, e,f, g, h, in the line 
a' b', set off the distances which tiie points similarly lettered 
are from o' x' in the plan, and these will give the points through 
which tiie true section may be drawn. 
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TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

III.-THB BinLMNa TEADES AND APPLIED ABT 
INDtrSTBIES. 

8T 8ZB PHXLIF liAaNUB. 

Thus far I have tried to indicate some of the advantages 
of affording teohnioal €(duoation to the ordinary workman and 
to apprentioes engaged in onr large manufacturing conoems. I 
have dwelt on thin somewhat fully, because it is often said 
that technical education is of very little, if of any, use to the 
ordinary hands engaged in a large mill, or in a mechanics' shop, 
or in chemical works— that there must bo ** hewers of wood and 
drawers of water” until the end of time, and that no amount 
of special instruction can be of service in improving the workman 
whose duties are wholly mechanical, and who himself forms a> 
part, so to speak, of ^e machine he uses. To the ordinary 
workmen who are employed in passing red-hot bars of steel 
through metal rollers, or in dipping hanks of yam into coloured 
dye-stuff, or in joining here and there a thread that breaks as the 
automatic mule moves to and fro, or in watching the shuttle 
carry its weft through the mass of warp dexterously divided by 
the guiding cards, it may seem that teohnioal instruction can 
avail little in improving their position, or in developing the 
industry In which they are engfaged. But further consideration 
shows that, whilst all such men are rendered more efficient by 
becoming more thoughtful, more painstaking, and more trust- 
worthy, when properly instructed through the medium of their 
trade, the seeds of education, scattered widely among such 
men, here and there yield fruit which benefits not only 
themselves, but all those who depend upon their labour, and 
upon the knowledge that directs it, for the neoessarioa and for 
many of the luxuries of life. 

BUILDINO TRADES. 

I come now to speak of a class of operatives who are assisted 
far less by machinery, and whose success very greatly depends 
upon their manual dexterity, their technical knowledge, and 
artistic skill. To workmen such as those, the advantDIgos of 
teohnioal education are considerable. The smith, the plumber, 
the carpenter and joiner, the metal-plate worker, the brick- 
layer, the mason, and many others are engaged on work re- 
quiring manual skill that can be obtained by practice alone, 
and at the same time knowledge of the properties of the mate- 
rials they use. It is of importance to the plumber to under- 
stand the difference between blow-pipe solder and copper-bit 
solder, and to know which is the better to use in a particular 
kind of metal- work. It is important to the metal-plate worker 
to know how to out a sheet of metal so as to make an elbow- 
joint without wasting material. It is important to the painter 
to know what influences affect different kinds of paint, and how 
these influences may be obviated. Such knowledge of the proper- 
ties of the materials used, and of the action on them of natural 
agents, is of. the utmost value to the workman. To supply 
this knowledge, technical schools have been established in which 
a youth may have the experience which he acquires in the work- 
shop supplemented, or may be taught his trade, and trained 
as a workman. In many parts of the Continent there 
exist schools in which boys learn all the details of a 
trade, the practice of which does not require any extensive 
machinery, just in the same way 'as they would do in a shop. 
In these schools, manipulative skill is acquired, and the prin- 
ciples of the different branches of science bearing upon the trade 
are also taught. Such schools are called Apprenticeship 
Schools, ” and several of them will be described later on. The 
industries to which I now refer are not those on which the 
commercial prosperity of a country mainly depends. They are 
not manufacturing industries. The workmen engaged in them 
are not employed to the same extent, as in many other trades, 
in producing articles for export, and manual skill and know- 
led^ of the properties and capabilities of the materials need 
are more important. These industries, however, employ a very 
large number of hands, and there axe many persons who, 
when speaking of teohnioal education and of its benefits to the 
working chmses, have only those and similar trades in view. 
Indeed, much of the divergence of view on this vexed question 
of technical instruction arises from the fact that Afferent 


persons, when speaking or writing about it, have very often in 
their mind a different set of trades and different classes of 
workmen. The manufacturer thinks of technical education in 
reference to the “hands” he employs. The builder has in mind 
the bricklayer, the plumber, the carpenter, and the gas-fitter. 
The cabinet-maker, the carriage-builder, the printer, etc., each 
thinks of the kind of training that would be most serviceable 
to the persons he employs. 

Now, although : in all fmanufaoturing centres the greater 
number of the working men and women are employed os 
“ hands ” in the several factories of the town in producing 
goods of one sort or another, there must necessarily be even 
in these towns a large proporluon of persons oooupi^ in other 
trades. In onr principal cities these smaller trades probably 
engage the greater part of the artisan population, and it is 
from them that the demand for teohnioal instruction on the 
part of artisans has mainly arisen. All kinds of machinery 
are so rapidly improving, that many of the things which, a few 
years since, the carriage-builder, or pianoforte-maker, or watch- 
maker, or shoemaker, made for himself, are now produced by 
some mechanical process. There arc trades, however — and it 
is to these that I am now referring — still in that stage of 
progress when skilled labour is of the utmost value, and when con- 
sequently technical education is greatly beneficial. The healthy 
condition and the comfort of our dwelling-houses depend not only 
upon the care with which they are designed, but also upon tho 
skill with which tho work in all parts of the building is exe- 
cuted. In the laying of the bricks, in the fixing of the doors 
and windows, in tho plastering of the ceilings, in tho arrange- 
ments connected with drainage, with the supply of water and of 
gas, the security and sanitary condition of onr houses depend 
mainly upon the skill of the workman and upon the technical 
knowledge of those who overlook him. And no mero empirical 
knowledge, derived from practical experience only, or obtained by 
imitating tho work of others, is sufficient to guide the builder and 
those he may employ in successfully overcoming the difficulties ho 
may meet in now and unexpected combinations of oiroumstanoes. 
The improvements that have of late years been effected in 
dwelling-houses are mainlv applications of the principles of 
pbysicsd and chemical science. Tho removal of foal air from 
rooms, the prevention of smoky chimneys, the construction of 
grates, the making of gas-jots, the determination of the best 
material for water cisterns, the ventilation of soil pipes, the 
complicated considerations connected with traps, are all ques- 
tions the solution of which involves a knowledge of the principles 
of various branches of science ; and it is this knowledge, and 
its application to these questions, which constitute the teohnioal 
education of tho builder. It is only of late years that tho 
health of tho people has been shown to depend to so grreat an 
extent upon the condition of tho dwolliugs they inhabit. The 
fact that disease may be prevented — indeed, that it is more easily 
prevented thsA oured, is one of the great achievements of soieu- 
tific discovery ; and the oonneotion that has been established 
between disease and the quality of the air we breathe and of the 
water we drink, has reudered it absolutely necessary that, if our 
homes are to be healthy, builders should understand the princi- 
ples of science that bear upon their trade, in order that they 
may be able so to oonstruot our houses as to prevent our air 
from being contaminated or our water from being defiled. 

ART INDUSTRIES. 

Now, without attempting to exhaust the various dasses of 
industry to which teohnioal training is applicable, and in con- 
nection with which some education in science has become indis- 
pensable, it is necessary to refer to those trades or occupations 
in which artistio skill is the main element of sucoess. If there is 
any one fact of which we have recently been made fully aware, 
it is that in spite of the multiplication of art classes daring tho 
last ten years, throughout the length and breadth of the land, 
we are still far behind our Continental neighbours in artistio 
skill ; indeed, we are only gzadnally coming to understand that 
although it is reserved to few persons only to develop into 
skilled artists, every one can, and should, be taught to draw. 
To exoel in literature is an accomplishment which few can 
hope for, but nevertheless every one may be taught to ex- 
press his thoughts clearly and grammatioaUy in English prose. 
In the same way every child, if properly instruct^, may and 
should be taught to draw, and when we oome to describe 




TECHNICAL DRAWING. 


135 


foreign adioolf, we eliall see how this snbject Is looked upon 
abroad. 

In England, it frequently happens that an artist prodnoes a 
design for a piece of work which is ill-adapted to ^e material 
in which it is to be expressed, although it might possibly be 
very well executed in some other substance. Such errors in 
design are far less common in France ; and if we seek out the 
cause, we shi^ find that in France, much' more than in England, 
the artisan has had opportunities of familiarising himself with 
beautifal objects from Us earliest ohildhood. In French cities, 
the shop windows are more gaily decorated than they are in this 
country ; there are more moseums and ancient palaoes ; and, 
owing possibly to the more genial climate and partly to tem- 
perament, the Frenchman visits snoh places far more frequently 
than his insular and home-loving neighbonr. Hence it comes 
about that, owing to early training and constant familiarity 
with beautiful objects, the artisans of France and of other 
foreign countries are more cultivated in their tastes than English 
workmen ; and the man who designs patterns to be wrought in 
any particular material, has himself worked in that material, 
and is perfectly familiar with its capabilities and with the 
general character of the design which can be adapted to it. 
In England this is seldom the case. The designer to any 
particular trade is a man who has been brought np as an artist, 
and has subsequently turned bis attention to making patterns. 
He can probably sketch oorreotly from nature, and has a certain 
facility in making happy combinations, but he does not possess 
the knowledge of the man who has spent several years of his life 
in working in the material to which the designs he makes are to 
be adapted. Now, where artistic skill is widely diffused among 
the workmen themselres, designers abound, and they can be 
selected for each particular trade from those who have worked 
at that trade and are thoroughly familiar with its require- 
ments. 

To large classes of artisans, skill in modelling is almost 
as essential as the ability to draw. The tenohing of model- 
ling is now beginning to make progress in Great Britain, but 
until within the last few years the schools in which modelling 
was taught, were very few indeed. Abroad, this is not the case. 
In many foreign schools modelling is taught almost as generally 
as drawing, and it is quite certain that in many arts ^e one is 
quite as useful as the other. In seulptnro, whether in wood or 
stone, and in many branohes of metal- work, modelling is very 
necessary, and in designing for those arts the skilled modeller 
has a great advantage over the artist, whose fingers are not 
equally sensitive to the perception of form in relief. 

The use of machinery in the production of goods has not 
been without effect on designing, and has rendered technical 
instruction even more ncoessuy than before. In many indus- 
tries, as wo have already seen, designs that may be excellent 
works of art per se are often found to be un suited to the material 
in which they are to be executed, owing to the artistes ignorance 
of the capabilities and charaoteristics of that material. This 
additional requirement is commonly spoken of as a perception of 
the technique of the material, and the designer possessing this 
speoial qualifioation for his work may be said to be familiar 
with “ technical art.” 


TECHNICAL DRAWING.— IX. 

DRAWING FOB CABPENTEES {continued), 

WOODEN BBIDOSS. 

Fio. 56 is the elevation of the bridge over the Wescr alluded to 
in the last lesson. The bow, built up as described, abuts against 
blocks, toothed and bolted on to the ends of the tie-beam. 
From the bow, transverse bearers are suspended by means of 
seven iron rods, placed as in the drawing, and on these the 
beMB supporting the roadway rest. 

It is deemed necessary, in relation to the drawing of this 
example, to reimrk that the lines forming the joints (that is, the 
ends of each piece of timber) must be ra^ of the circle of which 
the w is a port. In the present instance the arc is that sub- 
tending ou angle of CO®; therefore, having drawn the tie-beam, 
points at which the under side of the bow meet 
It, with distance between these two points as radius, describe 


arcs cutting each other in & point below, which would be the 
apex of an equilateral triangle, and from this centre the arcs 
are to be described. 

The disadvantages connected with the De Lormo system arc, 
first, that the stiffness of the span must depend mainly upon 
the natural strength with which the fibres of the wood adhere 
to each other ; and as this is of course limited, it is noceesary to 
oonstruot the curved rafters of greater width than would other- 
wise be required, in order to ensure them against the strain to 
which they may be subjected. Secondly, there is, from the 
oircumstance above alludod to, and from the necessity of sawing 
the segpaienta ont of straight rimber, a great waste of material, 
time, and labour. 

Those considerations naturally prevented the system becoming 
veiy general, and in 1809 an improvement thereon was proposed 
by a celebrated Prussian architect named Wiebeking, which 
was in 1817 perfected by Colonel Emys, a French military 
engineer, and which has since been extensively used. 

By Emys’ system, the arched ribs are laminated — that is, 

I formed of “ lamin©," or thin layers of timbers — not placed edge- 
ways, as in the De Lorme plan, but laid flat on each other, 
the brcalr-joint system being still preserved, and the planks 
being held together by iron straps with which they are sur- 
rounded. 

The whole rib is then confined by its ends fitting into cast- 
iron shoes bolted on to the tie-beam. Thus all the fibres of 
the wood coincide with the curvature of the rib, and thus not 
only are they not liable to bo tom asunder, but a great amount 
of elasticity is obtained. As this system has been extensively 
used in the consirnotion of roofs, it will bo further described in 
the section devoted to that subject, and the attention of the 
student is now directed to the elevation of one of three arched 
ribs of a wooden railway bridge (Fig. 57). 

Hero the tie-beam is formed of double timbers, resting on an 
additional piece at each end. 

The bow is made up of seven layers of timber, united in the 
manner shown in Fig. 58, which ^ an enlarged drawing of the 
middle portion of the truss. 

’ Seven perpendiculars are placed between' the bow and the tie- 
beam, by which the latter is suspended, as by king and queen 
posts. The mode in whicli the iron bands, nuts, and screws act 
in such cases is described in connection with Hoofs in ** Lessons 
on Building Construction.” 

Tho trusses are further stiffened by diagonal struts between 
the perpendiculars. Across tho tie-beams of the throe ribs the 
sleepers are placed on which tho flooring of the bridge and tho 
roils are laid. 

The piers, saddle-pieces, and tie-beams having been drawn, tlio 
arc forming the upper edge of the bow is next to bo described. 
Tho cast-iron shoes neoessisrily follow. In tho smaller view 
(Fig. 57) their outer edge is shown as oontinuoua with tho are 
of the bow ; but in working this figure to a larger scale, this 
should be drawn with a rather wider radius, so that tho iron 
' shoes may project to allow for the thickness of the material. 
As in tho case of the cross-joints of tho timbers in the Do Lormo 
bow truss, tho third side of the cast-iron shoos and the bondu 
by which tho lamin© are clamped togethei ore radii of the 
circle of which tho bow is a port, and therefore converge to the 
samo centre. 1’his is not, however, the case with tho irons by 
which the uprights are suspended. These plates, which end in 
screws, are, of course, placed parallel to the posts ; at tho top a 
cross-plate unites tho sciows, on which washers and nuts. 
Tho irons at tho bottom of the perpendioulors are similar in 
character. 

When the bow has been completed, the perpendiculars for tho 
centres of tho uprights are to be dotted in, and on each side of 
these half the iMokness of the supports is to be drawn. The 
upper and lower ends of these are, of course, wider than tho 
middle part, tho two widths beiiig joined by short oblique lines. 

Now, from tho points where these oblique lines join the outer 
to the inner width, and so form a ** head,” draw diagonals in 
the interspaces, which will form the eentre-lines for tho stmts. 
It will be observed that the oblique lines, which form pait of 
the ends of the struts, are at right angles to their sides. It is 
presumed that this drawing con be finished without any further 
instructions. 

Tho student is required, in the first case, to draw Fig. 57 to 
the size of Fig. 58, and then to repeat the whole figure, makirg 
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th^ dmwii^ on a 8eal« half aa laxge again as Fig. 58. In both of 
these oases great care will be necessary in drawing the parallel 
arcs, and the student is reminded of the purpose of the joint in 
the inldng^leg of the compass— -namely, so that by bending the 
leg both nibs may touch the paper, and thus roughness of the 
e%e of ^e line may be aToided. Bie lengthening bar will also 
be needled, and it is then advisable to hold the steel end of the 
compass in its place with the left hand whilst describing the 
arcs with the right, for the instrument, thus lengthened, becomes 
rather imwieldy, and the point is then liable to slip out of the 
centre. 

Fig. 59 is Hke elevation, Fig. 60 a section, and Fig. Cl a half 


Fig. 68 is the half section of the upper ]^rtion cd this arch, 
showing the maimer in which the four ril& are obnneoted by 
iron ti^rods, the longitudinal girders, transverse bearets, the 
flooring, and the hand-raU. 

With this knowledge as to the construction of the bridge, 
the student will not, it is believed, require any inl^nmatibn as 
to the mode of dxawing the example, and therefore wilj be left 
to apply the instruction he has received in relation to the 
previous studies. 

Fig. 64 is the half elevation of aa American timber bridge, 

I by which the Erie Eailway is carried over a span of 800 feet. 

1 The arch ribs of this structure consist of two separate bows, 



plan of one of the three arches of the wooden railway bridge 
fi’em Paris to St. Germain. This bridge is supported upon, 
instead of being suspended /rom, tho four arch trusses. These 
bows are formed of fifteen laminse, or layers ; but not only is 
the break-joint system carried out in tho length, but in the 
breadth, as will be seen in the transverse section of the bows 
(Fig. 62), The planks of which tho bows arc formed aro tarred, 
excepting on the outermost edgo y and further, coarse paper 
saturated tar was laid between them before binding to tho 
template. When the required curve was attained, the plahko 
were united by strong oak pins, plates of lead being previously 
inserted to prevent the wood suffering from the stress. The 
planks are farther seoured by iron bands, as in tho former 
example. The ends of the bows abut in oastdron shoes, firmly 
fixed in the springings of tho piora. 


damped between cross-timbers, and Btiffened by" struts placed 
diagonally. 

The bows are constmotod of three laym each, with extra 
pieces above and below at each end, all b^g, of course, 
bolted togeiher. These ribs abut agaanst iron plates attached 
to the rooks, and support perpendumlam. Ou these rest trans- 
verse beams bearing longitudinal joists, aoross whidi sleepers 
are again placed for the support of the floor- joists of the road. 

This construction will be best understood by referring to the 
section (Fig. 65), from which it will be seen t^t four such ribs 
are employ^ in the bridge, two of which, as in the last example, , 
are placed close together in the middle, the whole being strength* 
ened in a transverse direction by cross-struts. 

The longitudinal joists being thus seemred on the top of trans- 
verse head-pieces resting on Ihe petpendionlors, tho bows aro 
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bti.0^ up to them bj memui of streining-pieoes okmpiiig these 
ftnd all the other timbers between them. This is shown in the 
section, from which it will also be seen that each of the three 
layers ia. the bows is made of two timbers, placed side by side, 
es^ single bow beimg thus formed of six square beams in the 
middle, and twelve at its extremities. 

This being the last study oonneoted with bridges, the student 
is expected to bo able to draw it without any instraotions, but 
is advised to copy it on a much larger soalo. 

Figs. 66, 67, 68, with its seoidon 69, are different methods 
used in the abutments of bow trusses. 


MINERAL COMMERCIAL PRODUCTS.— VII. 

XABTHS ov SODIUM, XTC. (continued). 

Natron, a native sesquioarboimte of soda called irona, and 
mineral soda, is found in sandy soils in Egypt, Mexioo, Hungary, 
etc. Large quantities are oolleoted from the lakes of Sukona 
in Africa, and chiefly used for native consumption. 

Borax, on important article, very useful in chemistry and the 
arts, is a compound of boraoio acid and soda. It occurs in the 
waters of some lakes in Thibet and Persia, and is imported in 
an impure ^te, as tiiical, from the East Indies. Much, how- 
ever, is manufactured from boraoio aoid obtained in a native 
state by the evaporation of the mineral waters from the extra- 
ordinary voloanio lagoons of Tuscany, and from hayeacine, a 
borate of lime found in Peru. The annual produce of boracio 
acid from Tuscany has of late years been about from 1,800 to 
2,000 tons. 

Saltpetre, nitre, or nitrate of potash, is a natural product 
occurring on the surface of the soil in some hot and dry coun- 
tries. It can also be prepared artificially, as is done in France, 
Germany^ and other places. The British supply comes chiefij 
from the East Indies. In 1886 we imported 270,876 owts., 
valued at £240,066. Besides being the chief ingredient in 
gunpowder, it is largely used in chemistry, medicine, and the 
arts. 

Nitrate of soda, or cubic nitre, is found native in immense 
quantities as a geologioal deposit in Northern Chili and P^ru, 
and is probably abundant over the salt plains of the same con- 
tinent. It is largely imported by this country ; as much as 
1,500{897 cwts. being received in 1886 (value X 745, 940), and 
is used in agriculture as manure, and for many of the purposes 
to which saltpetre is applied. 

Sulphate of baryta, or heavy spar, is a beautifully crystal- 
lised mineral, occurring in mineral veins in Cumberland, West- 
moreland, Dorbyshiro (as cawk), Carinthia, Algiers, and Nova 
Scotia, and is a spurious substitute for white load. The mine- 
rals celestim (sulphate of strontia) and atrontianitc (a car- 
bonate of strontia) are used in the arts for the manufacture of 
the nitrato of strontia, which is employed for producing a rod 
colour in fireworks. The salts of strontia are remarkable for 
the red colour which they impart to fiamo, whilst those of 
baryta give a green colour. Fluor epar (fiuoride of calcium) is 
also a beautiful mineral, and important os the principal natural 
source of hydrofiuorio acid and other combinations of fluorine. 
It ocours in the lead veins of Yorkshire and Derbyshire, and, 
from its rich colours, is used in the ornamental manufacture of 
tazzas of various kinds. 

Sulphur is an element esdsting abundantly in various motallio 
and non-metallio compounds ; but it also occurs native in quan- 
tities sufficient to render its extraction from its combinations 
almost unneoessary; it is, however, separated for eoonomio pur- 
poses from iron pyrites. It is found native in all voloanio 
regions, either as an efflorescenoe on the surface or largely 
impregnated with earths. Sicily and Iceland possess it as a 
voloanio product, and from the former of these countries our 
chief supply is obtained. Spain also supplies this substance, 
^ulphur is a very important article as an ingredient in gun- 
powder. Sulphuric acid (vitriol), so indispensable in the arts, 
together with other vainable sulphur compounds, has already 
been referred to. Qraphiie, plumbago, or black lead, although 
pure carbon, contains a variable quantity of iron up to a pro- 
portion of 6 per oent. It occurs in beds and embedded masses, 
in fissures in granitic and slate rooks, in nodules in greenstone, 
and, rarely. In mineral Veins. This mineral, well known as the 
material from which the blaok-load pencils of the finest quality 


axe produced, is comparatively rare. It has been found on the 
right bank of the great river Tungonska, in a country pre- 
viously little known. In the depths of pine-forests, and at the 
level of the waters of the wild Tunbusl, tom and abraded by 
the ice, one continuous moss of gnq>hite has also been traced, 
8,000 yards or more in lengtii, with an ascertained depth of 
thirty yards. The famous mine of Borrowdolo is almost cx« 
hausted. Gcmsiderablo quantities are, however, procured from 
Ceylon and Austria; from Spain, Mexioo, Greenland, Capa 
Colony, and one or two other plaoes Is draWb the romaindor of 
our supply. Besides its more common uses, plumbago is of 
great utility in the manufacture of crucibles or melting pots for 
metallurgical and chemical purposes. 

Among mineral productions available as articles of utility 
and commerce, mention must not be omitted of some that are 
of great use in agriculture, espeoially in such farming as must 
be carried on in densely-peopled countries, where all qualities 
of soil must be brought under cultivation. In addition to the 
silica, alumina, and lime, which are the common chemical oon- 
stitnents of arable soils, there must be a duo supply of salts of 
potash, phosphoric aoid, nitrogen, and some other ingredients. 
Organic remains, in the shape of natural vegetable decay, and 
of ordinary farm manures, supply these ; but mineral manurco 
arc also highly valuable and much used. Limes, clays, sands, 
and marls are all useful under certain circumstances. Salt- 
petre (nitrate of potash) is a valuable addition to soils requiring 
nitrogen, but it is costly. Tho oubio nitre already alluded to 
exists, however, in great abundance, and is largely available for 
the some purpose. Phosphates of lime ore used to furnish the 
phosphorio aoid. The supply is now chiefly obtained from the 
small hard nodules of various sizes, compost in part of ancient 
organic remains (coprolitea) which are found in the Crag of 
Suffolk, and in the Greensand at Famham, Cambridge, Hitohin, 

, Isle of Wight, Havre and other parts of Franoe. Phosphatio 
I nodules are also abundant in tho Lias. Thousands of tons of 
I these are annually raised, crushed, and, by tho action of sul- 
phuric acid, converted into superphosphato of limo ; and they 
are, in this form, extensively employed os manure. Phosphate 
of limo is quarried in Spain, and at Sombrero, one of the West 
Indian isles, and prepared for agricultural purposes. 

PRECIOUS STOKES. 

Important mineral products, on account of their great in- 
trinsic value, are precious stones. These occur in mineral 
veins, and, as is tho case with some of the metals and their 
ores, in river sands and alluvial deposits brought down from 
mot^liforouB districts. Brazil, India, tho Ural Mountains, and 
tho mining districts in general, espeoially those of tho older 
formations, furnish the chief supply. Precious stones ore oithci* 
carbonaceous, aluminous, or silicious. The diamond is tho 
only one consisting of carboTi, and is well known as the hardest 
and most valuable gem. Diamonds are prized according to 
their purity and freedom from oolour, or if coloured, according 
to tho depth of the tint.' Besides their extensive use for oraa- 
moutal purposes, they are, in the form of fragments, of much 
service in tho arts — as in glass-cutting, watch-making, and dia- 
mond polishing. ' The aluminous goms comprise tho aapphirea 
(the rod sapphire, or Oriental ruby, next in value to the diamond ; 
the blue, or true sapphire; tho green, or Oriental emerald; 
and the yellow, or Oriental topaz) ; tho corundum, or adaman- 
tine spar, the hardest substance next to diamond, and employed 
for emery-powder ; the ruhiea of various reds ; tho topaz of 
various yellows ; and the gameta, of which the carbuncle is the 
choicest. Tho emerald, of a beautiful green, and the heryb-^ 
yellow, blue, or colourless — are compounds of silica, alumina, 
and gludna. The most valuable of the silicious gems are the 
ameihyat, of a purplish-violet huo ; the Ca/irngorm stone, the 
opal, sardonyx, agate (which is also employed as a burnisher), 
chalcedony, camelian, and jasper, Tho lapisdaxuli, tsom whdoh 
ultramarine used to be prepared, is a beautiful mineral, found 
in China, Persia, and Siberia. The turquoise may be considered 
as a phosphate of alumina, lime, and silica, with iron and oopper. 
The chief supidy is drawn from ihe peninsula of Sinai, wMch 
appears to have been the great mining district of the ancient 
Egyptians. The turquoises, so much admired for their beau- 
tiM blue oolour, occur more or less in veins of sandstone. 

With this notice of precious stones we bring our brief account 
of the Mineral Commercial Products of tho earth to an ond. 
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AGRIOULTDEAL DRAINAGE AND 
IRRIGATION.— HL 

B/ J. WB 10 HT 80 V, ProfaMor of Agricnlti^ Bojal School of Hinas. 
CATTSIS 01* XmOAOT OT DBAXITAOI — AOTZON OF DBAXN8 ON 
THS SOIL^-VABIOUB XSTHOOS OF OBAINAOX — CAPILLA&T 
ATTBAOTION ANB 1TB FFFltCTB. 

Thn causes of the eHoaoy of drainage as a means of improving 
land maj be briefly summaiised as follows 

1. Piminished evaporation, rendering the soil warmer. 

2. Bemoval of stagnant water, allowing aooess to rainfalL 

3. The introduction of air, and therefore of oxygen, into 
the land. 

4. Washing of the surface by heavy rains prevented. 

5. Improved texture, owing to alternate contraction and ex- 
pansion of both soil and subsoil. 

These causes are followed by, good effects readily appre- 
ciated by landowners and occupiers. Thus increase in tem- 
perature is followed by an earlier and more abundant harvest, 
by the cultivation of a larger number of plant species being 
rendered possible, and by greater healthiness in the animals 
maintained on the farm. Causes 2 and 3 operate in a similar 
direction, and, in the phraseology of the farmer, ** sweeten** 
the land, while the remaining two causes render manures more 
efficacious and lasting, and especially the last cause renders the 
land easier to work and more acooaaible to the roots of plants. 
The effects of drainage in improving definite areas of land, and 
the comparison between the advantages secured and the coat 
entailed, wUl be considered hereafter. At present it is only 
my wish to point out the relation between the causes that 
occupied us in the last paper, and those practical good effects 
which alone render the drainer’s art valuable. 

Our next consideration is the action of drains in the soil. 
We shall endeavour to come to a truthful conohision as to the 
mode in which water is removed by drains. But, before doing 
BO, we must carefully consider the condition of wet soils, the 
causes of their wetness, and afterwards the effect of intro- 
ducing a moans by which surplus water may be removed. 
Before prooeeding another step, however, it is well to bear in 
mind that soils are exceedingly various in their textures, and 
that their relations to water must not be looked upon as con- 
stant and invariable. A few simple natural laws account for 
all the phenomena of drainage, but the action of these laws is 
modified aooording to the character of the soil and subsoil, and 
these modifioations oooasionally give rise to apparent contra- 
dictions in praotioe. In approaching this subject, it is also 
requisite .to free the mind from false notions as to the action of 
drains. Thus, too often wo hear a drain spoken of as ** draw- 
ing,*’ as though an underground channel exerted an active 
instead of a merely passive ofiTeot. All idea of suction on tho 
part of drains must then be given up, and with it the notion of 
land being “ over-drained.** Land may, of course, be over-dry 
for some purposes ; but supposing drains to bo multiplied to an 
indefinite extent beneath the surfaoe, it would be impossible for 
them to remove more than the surplus water of a field. They 
could not carry off that portion which the varying obarootor of 
tho soil allows it to hold, as a sponge holds a certain amount of 
water after it ceases to drip. 

^ils ore w6t from throe oanses — from direct rainfall, from 
springs, and the soaking down of water from higher grounds. 
The greater port of our retentive soils are wot from the arrested 
descent of rain-water as it seeks a lower stratum. Springs usually 
occur on tho sides of hills, and owe their existence to tho presence 
of a bed of clay, or other retentive material, at a greater or loss 
distanoe from the surfaoe. When rain falls upon a porous soil 
it sinks in without diffieulty, until it meets with an obstruction. 
Here it accumulates, and maybe reached by boring a well down 
to it. Supposing, however, ^at this obstruction, probably clay, 
crops out upon a hill-side at no great distanoe, there yon vir^ 
have springe. As soon as the water rises in the natuml reser- 
voir until ^e lip of the basin is reached, it will overfiow, and 
cause wetness in the land immediately beneath it. Again, 
water may find its way from the point at which it fell, and 
kioommode land more or less remote by a slower soaking pro- 
leas, in which definite gushing springs do not occur. T^s is 
jsu^y met with in free soils, and is defined by Mr. Bailey 
Denton as that moisture which is caused by i rater of distant 


and adjacent higher ground pressing up throngii fm Boils of a 
lower level, and which may be called “ diffiuent water.*' 

Now the treatment of land wet from these three causeB has 
l^ven rise to two distinct methods of drainage: one in which 
the drainer effects bis purpose by means of pipes laid at regular 
intervals, adapted to soils suffering from the first khad of wet- 
ness i and another in which the object of tho draine/is rather 
to attack the source of water and cut off the supply, than to 
attempt to drain by regular channels at stated distances apart. 
The first method is identified with Mr. Smith, of Beanston; the 
second with the name of Elkington, who flourished in the latter 
half of the last century. 

The principle upon which Elkington’s system of draining 
was bas^ will be rendered more intelligible when his practice is 
described. It is evident, however, that it is only under peculiar 
conditions of soil and subsoil tl^t it can bo effective. It is 
comparatively seldom that the souroeoC wetness can be looalisod 
so as to allow of its removal by a single drain, and although 
such cases ooour, yet, more ordinarily, land is wot because ^e 
rainfall is prevented from finding its way through the soil to 
depths at whioh it would be harx^ess to growing plants. 

Let ns, then, investigate an ordinary case. A field is wet, 
and requires draining. It is wet simply because the water 
cannot escape, and this may be due to general retentiveness 
throughout the mass, as is the case in clay soils ; or to an ob* 
struoting bed at some little distanoe beneath the sntface. Taking 
the first case, we are at once introduced to the difficult ques- 
tion of the action of drains in stiff clay soils. That water will 
penetrate such soils has been proved, as Mr. Morton has tersely 
observed, by the fact that they are wet. Their i>owor of reten- 
tion is, however, very groat, and this is a force whioh, while it 
exists, cannot bo ovoroome by any number of drains. Clay soil 
will hold, according to the experiments of Schilblor, 48 pounds of 
water per oubio foot, and it is only the excess over this amount 
which would find its way into a drain. When, however, such 
soils are famished with a scries of underground channels, and 
when the work of tho drainer is supplemented by deep cultiva- 
tion, the character of tho scU is gradually altorod. The con- 
tinuity of the soil is broken, air gains access, pulverisation 
takes place, and tho altered soil becomes amenable to the 
ordinary rules whioh govern more usual cases. Vigorous treat- 
ment is, however, requisite, and no system of wide intervals 
between drains would bo sueoessful. ThO' drains must be close 
enough to exert what Mr. Bailey Benton has termed a reci- 
procating effect upon one another, that is, so oloso that the 
action of one shall extend into tho region of action of its neigh- 
bour. After the full effects of thorough drainage have been 
brought to bear upon a clay soil, the water will pass through it 
and find its way to tho drains in the same manner, but never 
with the same facility, as in lighter soils. Let ua, then, turn 
to the case of a more porous soil, , wet from direct rainfall. 

Here we must suppose a definite obstruction to the down- 
ward passage of water. The water tends to pass through the 
soil in straight linos, according to the law of gravity. It meets 
with the obstruction, and begins to rise upon it towards tho 
surface. There is no limit to its rise. It may form a lake, 
or it may bo tho cause of a marsh. In other oases it will not 
rise to the surfaoe, but form what is known as a water-table *' 
one, two, or more foot beneath. 

Now this water-table, or level of anpersaturation, is not the 
limit of wetness. Over it is a stratum of greater or less thick* 
ness, depending upon the character of the soil, wet from capil- 
lary attraction ; and if this force raises water to the surface, the 
land requires draining. CapiKary attraction may be defined as 
a triumph of adhesion over cohesion and gravity. When a 
piece of wood or metal is dipped into water and withdrawn, its 
wetness may be explained by the foot that the adhesion of the 
liquid to the object introduced is stronger than its oohosion 
to tho remaining water it has left, or to the downward force of 
gravity. 

A similar attraction is exerted by tho soil and many fami- 
liar porous substanoes when placed in contact with water. 
The superior force of adhesion lifts a tiny column of water 
through tho interstioes of the porous material presented until 
tho weight of tho column thus Iffted counterbidanoes tho attrao- 
tion of adhesion, and tho limit of the force is reached. 

A healthy soil should have a layer of earth at ita surface 
a few inches in thickness* whioh must not be continually wet 
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«v«ii{rpxa water raised by oapinaxy atiraotioiu It will be readily 
aeen that if snoh a layer doee notedfit, oapillariiy and evapora- 
tioa will between thm lower the temperature the soil oon« 
dderably. Growing; plants trill also suffer from the sazhe 
causes which rend^ sancer-watering, in the case of |M>tted 
plfuits, objectionable. It is, indeed, a case closely analogous to 
■ance]>watering, and iiie sooner it is altered the better for the 
crops. ^Eie question as to the height to which soils will thus 
lift water hm been assumed and guessed at; but data of a 
precise kind are etui needed. A few years ago I undertook a 
series of experiments for the purpose of throwing light upon 
this point, and the results obtained were as follows : — ^Vi/iien 
air*dxied clay or sand is placed in a tube, one end of which is 
imioersed in water, the fluid rises rapidly, especially in the case 
cff sand. Thns, twenty minutes after tte experiment was com- 
menced, the flue sand was wet 9 inches above the level of the 
water in the saucer, and seven hours after it was wet 15 inches 
up the tube. Clay, in a finely-powdered state, had during this 
time only raised water 3 and 5 inohes in height, taking two tubes 
containing sinular soils. The capillary power of the sand was, 
however, almost exhausted in this short period, and although 
the experiment was oonduoted for 132 days the oolunm of water 
was never raised higher than 23 inches. The clay behaved very 
differently. Although water rose slowly, it rose very steadily, 
and at the termination of the experiment, 132 days after its 
oommenoement, it was wet 35 and 33 inches, taking again the 
results of two tubes. During the last six weeks of the experi- 
ment the rise was exceedingly slow, and only 1*8 inch of extra 
height was obtained. As tiiis was partially due to the upper 
soil becoming wet by evaporation and condensation of water 
from the part wet by the force of capillarity, the limit of the 
force was considered to have been reached, and wo may, there- 
fore, take 3 feet as the height to which water may be raised by 
clay in a fine state of division. There was one more point 
wo^y of attention in these experiments, namely, that a pre- 
cisely similar soil to the clay just mentioned, but in a. somewhat 
coarser state of division, was only able to lift a column of water 
15*5 inohes, showing that physical condition even more than 
material is an important constituent in this power possessed 
by soils. 

"It is the object, then, of the drainer to so lower tho water- 
table that a t)^ layer of dry soil may intervene between tho 
snrfaoo and the portion wet by capillary attraction. 

A drain is constructed, say four feet beneath the surface, and 
immediately water flows from it, the water-table begins to sink, 
until it is on a level with the bottom of the drain, just as the 
water in a cask would sink to the level of the lowest portion 
of a hole made through tho wood. Eemembering that water 
failing on the surface makes its way down through the soil as 
straight as i>0BBible, it is evident that rain feeds tho water-table, 
constantly ten^g to raise it ; but as the water-table will have 
a diffiouliy to rise higher than the drain, it wiU be seen that the 
water, for the most part, enters the bottom, and not the top 
of the drain. It oan only enter the top when, by heavy rains, 
the water-table is unnatoraily raised; bnt on the return of 
ordinary weather the lowest portion of the draining tile will 
onoe more beoome tho upward limit of the saturated portion. 
The area ovot which one drain will act is, of course, very limited, 
and the limits of its action are soon reached. The water-table, 
although kept down to the level of the drain in its immediate 
proximity, just as a river keeps down the water-table of a 
district t^ugh whicfii it passses, yet rises as we reoede from the 
drain until it extends to a point completely out of its influenoe. 
Hence a series of drains is required so near to each other that 
the level of snpersatnration is sufficiently lowered throughout 
the intervening space. It is generally believed that the action 
of drams ia intensified by tho near proximity of other drains. 
This is mostly owing to the aeration of the soil. A bed of 
sand or gravel nnderlying a day soil will not drain the field, 
although such a gravel b^ may bo looked upon as a continnous 
drain, or means of escape for ^ter. Under such circumstances, 
however, a few drains placed at wide intervals would bring the 
dryi^ pewer of the porous bod into immediate action by the 
admittance air, and the field would be easily and effectually 
dried. B is, indeed, sur^sing to what distances drains, 
ymdor snoh dreumstanoes, will draw. Ihstonoes are not want- 
ing in which the channels have been effeotive at sixty yards 
apart Such oasei at once lead us to the consideration of the 


means of drai ning employed by SUkington and other drainers, 
and introduce us to ^ more purely practical part of our 
subject. 

BUILDING CONSTEUOTION.— V. 

BBIOXLWOBX. 

Brioxs may be considered os artificial stones, and seem to 
have been used from a very early period in the history of man. 
Their average size in S^gland is a trifle less than nine 
inches long, four and a-half inohes wide, and two and a-half 
inohes thi^. Their uniformity in size enables builders to 
describe the thickness of walls by tho number of bricks extend- 
ing across it ; thus, a slight brick partition wall being formed 
of bricks lying on their broad side, witli their length in 
direction of the length of the wall, is called a *‘half-briok 
thick,’* its thickness being four and a-half inches ; a wall in 
which the lengrth of the brick extends through the thioknm is 
called a ** one-briok thick;” a wall 14 inches through is balled 
a ** brick and a-half thick ** (though to speak more accurately it 
would be 134 inohes, that is, 9 for the whole brick and 4) for 
the half) ; an 18-inoh wall is said to bo a ** two-brick thick/* 
and BO on. 

H we suppose a wall of only half a brick thick, all tho bricks 
used would, of course, be laid lengrthwise, so as to show their 
whole length in the face of the wall. In laying a second course 
of bricks, care would be taken to prevent any two vertical 
joints from coinciding. This would be effected by placing the 
joints or meeting of the ends of the bricks forming the second 
course over the middle of the brioks of the course below. This 
arrangement would be attended to in all tho succeeding oonrsos, 
and is technically called hreaking joimts : a wall thus built is 
said to have a proper bond, a term which implies tlpit the parts 
are well connected. 

It must, however, be remarked, that tho above ^mpposition 
of a building only half a brick thick has been introduced merely 
to illustrate the principle of what is teohnioaJly called bond in 
building ; no brick wall so slight as the above should over be 
used, this dimension being much too weak to afford proper 
stability even to the smallest buildings, unless tho brickwork 
be held together by wooden framing, of whioh it fills the vacant 
spaces. This style of work, used for economy, is altogether 
unsuitable for public buildings, unless of a temporary nature, 
and is called brick nogging” of whioh specimens are very 
common, especially in villages. Brick nogging is also some- 
times used for the partitionB of dweUing-houses. 

It is important that brick walls should be kept perfectly 
vertioal; and it must be remembered that if a wall at the 
bottom is in the slightest degree “ out,** the evil (like every 
other) will go on increasing, -tte top will gradually extend be- 
yond the fonndationB and fall. But this is not ^ ; the wall 
must be kept plumb,” whioh does not necessarily mean 
upright, but a sigfdght surface ; thus, a wall may be slanting, 
as against a bank, or tho side of a tower whioh tapers towards 
the top ; bnt in whatever position it may be, it must be kept 
plumb; and the plumb-mle*'^ may not only be used for this 
purpose, but to keep the vertioal joints regularly over each 
other. This is generally termed ** keeping the perpends,** 
Next in importance to this, or wo may say equal to it, is the 
subject of hond^ ^ 

ing. By tend, 
is meant that 
method of com- 
biningthe brioks 
that each indi- 
vidual may be 
supported by as 
many others as 
possible; and 

this is done by iHg. 0. 

the jndioiouB 

arrangement of the joints^ which will be seen on reference to tbt 
annexed illustrations. * 


* A plwnt-rul# is a strsisht pieiMi of wood, to whlifii is attached a 
string with a plummet or lump of lead. The name is derived from 
the Latin word'planftum (lead), and the line formed Iqt the weighted 
omrd, when perfectly still, is a true wrtioal line. 
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Let ne cuppoie that an attempt were made to bnUd a wall 
as in 9, yia., by plaotogr rowe of bricks oyer each other t it 
will be evident that here hone of the atones receive any other 
anppM than is afforded by those immediately under them. 
Thus ▲ is supported by B, o, D, and a, and this is the greatest 
amount oi support it oould reoeire ; nor would it be less liable 
to shdc (supposing the ground to give way under it), even if it 
rested on a greater number of bricks so disposed, for in case 
of faUuro in the foundation, the whole column abode would 
sink, sliding down at the side of B a K z J. 

Now let us turn to !Fig. 10. Here, by the simple arrange- 
ment of ** breaking joint,’* we get the brick A supported by two 
others, b and o ; these rest on three bricks, D, B, v ; which in 
their tom are supported by /ottr, o, h, z, j ; and these again rest 


have therefore been devised, by whio^ the entire t hi ckn e s s of 
the wall is so bonded os to form one compact s tn ieta e. ^Fhus^ 
in the one system called ** English bond,*^ one douhie Of bricks 
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on jflvfl, K, L, M, w, o. Thus the brick A is supported by fowteen 
others, and its foundation rests on the entire space extending 
from V to Q ; further, this breadth of foundation does not 
refer to this brick only, but to every individual one composing 
the wall : thus, r rests on c, s ; E, p, t ; H, i, J, w ; and Lj'm, n, o, u ; 
and any brick taken promiscnously is similarly supported j thus 
D rests on a, h, and a, h rest on k, l, m, etc. 

In this illustration all the bricks are supposed to be laid on 
their broad ^idcs, with their length parallel to the front of the 

* wall j in this position 

they are called stretchers, 
^ When bricks ai'e laid so 

r r that thoir ends are to- 

j-id — — ! — — wards tlie surface, and 
mfhsk - their length extends into 

^ — the thiclmoss of the waU, 

group shown in 

„ Fig, 11, they are called 

TicatJw*. 

Now, on referring to 
the previous diagram (Fig. 10), it will be seen that the wall 
there represented would bo a “half-brick thick*’ one; and 
that even if we were to build one three times as thick on the 
same system, the wall would consist of three separate ones 
of half-brick thiokncaa each, neither having any connection 
with the other; and thus the front might fall forward, the 
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I I Fig. M. 


is laid lengthwise, or as stretchers ; and tlio next crosswise, or 
as headers. 

The annexed illustration (Fig. 12) shows the commencement 
of a wall of one-brick thickness, built in what is called English 
bond. In this it will be seen that the ouie oonrso consists 
entirely of stretohers, and the other entirely of headers* The 

plan of the lower course (Fig. 13) is 

given below the elevation, and the ; 

plan of the upper course (Mg, 14) is 
placed above it. 

Now bricks are exactly half as 
broad as they are long, and thus, if 
when tlio first course of stretchers 
had been laid, we followed the simple 
idea of placing the next course as 20. 

headers, and commenced at A (Fig. 

12), we should not produce a bond 
at all, for the second header, b, 
would fall over the end of the first 
stretcher at o ; thus one joint would 
be immediately over another; and 
of oonrse, if this were carried np,' I 

one portion of the wall would soon 1 

separate itself from the other. The 
bricklayer, therefore, having laid his 
lower course, places D, his first 
header, at A ; he then cuts a brick 
in halves lengthwise, and lays this 
half-brick next to the atrotoher. pjg. 21 , 

This is called a “ closer,'* E. Ho 
can after that proceed to lay the 
headers regularly, for tho next 
header, F, iken be placed so 
that half of its width will be on 


Fig. 18. 

kindermost one might fall backward, or the middle one might 
* X L B«ither one would g^ve any support to the oiker, 
aot being in any way hwUt In to each ofker, the bonding 
b^g merely longitu&nal or lengthwise^ but no cross bona 
rating between them. Combinations of stretohers and headers 


each side of the joint 0. Then will 
follow another header, a, which will 
leave a quarter of the length of the 
stretcher exposed, and this will be 
covered by the next header, K, which 
will overlap the joint by half its 
width. 

Fig. 15 shows the end of the wall . 
which has been described. 

Mg. 16 illustrates a 14-inoh or Fig. 82. 

“ brick and a-half *’ waB. The eleva- 
tion is the same in tiiia as in the last ; for of coarse the fhkk» 
neee of a wall is not vitible on its surfaoe ; tiie plans, hofrevar, 
show how the bonds arc arranged. 

Fig. 17 shows the plan of the first oourie, and all alternate 
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ooii]«e« ^hoTB it ; in tliiB it ivill be aeen wby the veil if oaUed 
•‘brick and a-half/' 

Fig. 18 is the plsa of the second course, and the aliemate 
oonrses above it ; and Pig. 10 shows the end of snoh a welL 
Fig. 20 shows the end, and Figs. 21 and 22 are the plans of 
a two-brick thick Tall, built in old English bond, and from 
these it will be seen how the thiotness is made np« In the 
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lower oonrse, there is a row of stretchers on each side, between 
wUoh headers are placed ; thus the thickness is made np of the 
widths of two half and one whole bricks, whilst in the upper 
course two headers laid transrersdy to the face of the wuXL 
give the required widih. The dotM lines on each of these 
plans show where the joints would fall when the one coarse 
should be worked oyer the other. 

In copying these examples, the student is advised to work 
to a scale, so that the bricks and half-bricks may be drawn 
in their proper proportion ; and it may be well to state here 
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Fig. 25. 
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that tills plan is desirable in working all the exercises in these 
lessons ; for if every line be simply measured, the studies will 
not convey all the instruction intended, whilst by working 
them to a larger scale they will afford excellent practioe. The 
student is also advised to attempt simple colouring from the 
commencement, so that the use of compass, pencil, and brush 
may be practised together. 

Another kind of bond in very general use is that oidled 
“Flemish bond.” 

This consists of stretchers and headers laid altematd^y in the 
some course. Fig. 23 is the elevation, and Figs. 24 and 25 are 
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Fig. 27. 


plans of two courses according to this metbod. It is neater in 
appearan^o thap the English bond ; but, owing to there being 
less lieaders in it, the cross bonding is not considered to be as 
strong. In walls of almost all thicknesses above nine inchos it 
is often neoesaary to use half-brioks, ih order not to break the 


longitudinal bond ; but although uniformi^ in the bond on the 
surface may be thus preserved, it is at a saorifice of the oross- 
tie. It must be taken as a rule, therefore, that a brick should 
nousr he cul, if hy any ehUl on the peart of the workman it eon 
he laid whole ; for when a brick is out, an eatca joint ti meated 




in a stmoture, in the erection of which the greatest difficulty 
arises from the great number of joints. The utmost care, then, 
should be taken to avoid maldng more than are absolutely 
indispensable. 

Figs. 26 and 27 represent plans of first and second courses of 
a brick and a-half widl, built in Flemish bond. 

Figs. 28 and 29 show plans of the same wall, built so as to 
avoid the half-brioks without interfering with the strength of 
the bond. This, however, leaves an open space on each side 
of tho header in the thickness of the w^, which may either be 
filled up with a bat or left open. 9 


ANIMAL COMMERCIAL PRODUCTS. -^V. 

in.— STEAEINE AND OILS. 

Ths chief supply of animal oil is derived from various species 
of seals (order Carnivora^ family Phoddw) and whales (order 
Cetacea), 

In order to meet tho needs of tho creature it defends, the 
true skin of whales is modified, forming the layer al blubber, 
colled by whalers the blanket, probably in allusion to its office 
of preserving the animal heat. The blubber is composed of a 
number of interlacing fibres, capable of containing a very large 
quantity of oily matter. Tho thickness of the blubber varies 
in the several species ; those inhabiting the frigid zones have it 
of greater thio^ess than those which habitually live in warmer 
seas. It is never less than several inches, and in many parts of 
a whale is two fsnit deep, and, moreover, as elastic as oaoutohono, 
offering an admirable buffer to the force of the waves and the 
pressure of the water, as well as a defence from cold. In a 
large whale the blubber will weigh thirty tons. 

The species of whales that are regularly hunted for the sake 
of their oil are— 

The Greenland Whale {Balaena mysHcetue)^ which is confined 
to the Greenland and Spitsbergen seas, its migrations being 
regulated by the extent of the perpetual ioe.> 

The Mwnjhhacleed Whale {Megdptera longimana) attains a 
length of sixty to seventy feet, and inhabits the Greenland seas, 
where it is found in great abundance. Though its oil is said 
to be superior to that which is furnished by the Greenland 
whale, and not much inferior to the oil of the sperm whale, yet 
it is not eagerly sought after. 

The Pike, or Pinned Whale (Balmnoptera roetraia) is a 
native of the seas that wash the shores of Greenland, and is 
sometimes seen near Iceland and Norway. Tho flesh is in some 
repute as a delicacy among the natives of these northern 
regions. The oil wMoh it famishes is said to be partioularly 
delicate. 

Sperm Whale {Cdiodon maorocdphalne). — ^Tbis species, which 
measnres from seventy to eighty feet in length, is chiefly 
notable on account of the valuable snbstances wbioh are ob- 
t^ned from its body-^il, spermaceti, teeth, ambergris. It 
differs from the true whales in having no baleen platM in the 
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paiftte, bat from for^ to fifty oonioal teeth in the loirer jaw, 
whioh fit into oaTities in the upper, so that the mouth is 
capable of being oompletei;^ closed. The head is of an enormous 
■ise, forming about one>thbdof the entire length of the animal. 
It is oylindrioslt truneated, not composed of bone, but of a 
sort of cartilagl^us envelope, containing an oily fluid, whioh 
hardens by exposure to the air, and is then known as sper- 
maceH, This substance is also dilTused through the blubber. 

The sperm whale, or cachalot, is generally distributed in all 
seas, but principally in those of the southern hemisphere. 

The oil is obtained from the blubber, which is only fourteen 
hicheo in depth on the breast, and eleven inches on the other 
it 4 U*ts of the body, and is therefore not so abundant in propor- 
Dion to the size of the animal as that whioh is oxtraoted from 
,bo Greenland whale. Its superior quality, however, oompeu- | 
nates fully for its dofioienoy in quantity. It is much used for I 
burning in lamps. 

The spermaceti from the head is very valuable as an oint- 
ment, and for the manufaoture of oandles. The United States 
lit out more ships than any other nation for this whale fishery, 
bringing home annually more than 200,000 casks of train oU, 
and 150,000 casks of spermaceti. Next to the United States, 
England is the country most engaged in the whale fisheries, 
the principal port, Hull, having about 200 ships. France em- 
ploys 145 ships in this business, the principal port being 
Havre. Norway, Sweden, Denmark, and the Hanseatic Towns 
take some part in the whale fisheries, though not to any very 
great extent. 

Spormaoeii candles are mostly manufaotarod in England. 
Spermaceti is imported in oonsiderable quantities from the 
United States. ^ 

The Beluffa {B'iiuga cdlodon), also called the white whale, 
on account of the colour of its skin, is an Inhabitant of the 
higher latitudes, being found in great numbers in Hudson’s 
Bay and Davis's Straits, and frequenting the months of large 
rivers on th^ northern coasts of Asia and America. The oil 
furnished by the beluga is of very good quality, although small 
in quantity, and is sufficiently valuable to have led to the esta- 
blishment of regular beluga hunts in the great North American 
rivers, whioh they asoend for some distance in search of prey. 
The skin oan be made into a peculiarly strong tough leather, 
and is said to resist an ordinary musket-ball. 

The SealSf which have been described in page 74, are also 
hunted for the sake of their oil ; and the pursuit of them is 
superseding that of the Greenland whaJo, for the latter has 
been greatly reduced in numbers by continued persecution at 
the hand of whalers for upwards of one hundred years past. 

A large number of British vessels are engaged eaoh year in 
the capture of whales and seals : and the importation of train 
or blubber oil and spermaceti exceeds 15,000 tuns a year. The 
products of whaling vary very much in quantity, owing to the 
preoariouB nature of Gio employment. 

Tallow . — This is an artioie of great commercial value. It is 
animal fat separated from membranous matter by fusion, and 
consists chiefly of stearine, with a small quantity of oleine. It 
is manufactured into candles and soap, and is extensively used 
in dressing leather, and in various ot^er processes in' the arts. 
We are supplied extensively with native tallow, and wo annually 
import a large quantity, principally from Bussia, France, the 
United States, the South American Bepublios, and the British 
Colonies. Our imports of tallow from Australasia and the 
Ar^nUno Confederation were in 1886, 442,102 owts. The 
entire imports from all parts of the globe into Great Britain 
a»d Ireland exceed 50,000 tons a year. 

The tallow we reoeive from Australia is chiefly obtained from 
sheep, the oaroases of whioh are boiled down for this product 
alone ; that from South America is from oxen and even horses, 
which roam in a half-wild state over the grassy plains of Monte 
Video, La Plata, etc. The animals are slaughtered for tiieir 
hides, tallow, and bones. 

IV.-POOD PBODUCTS. 

Butter is extensively made in the counties of Cambridge* 
shire, SufFolk, Yorkshire, Somerset, Gloucestershire, Oxford- 
shtte, and, Essex, In Scotland excellent butter is made in 
®*iid Aberdeenshire. The butter produced in Chreat 
Britain is, however, insufficient for home consumption, and large 
quantities are imported, principally from Ireland, where it is a 


staple commodity; and from Holland, Belgium, the Hanse 
Towns, Franco, and the United States. The foreign imports 
for 1886 were 1,509,275 owts. 

Clieeee is the ourd of milk compressed into solid masses of 
different sizes and shapes, salted and dried, and sometimes 
ooloured and flavoured. Besides our own supply of Glouoesier, 
Wiltshire, Cheshire, and Stilton cheeses, whioh are the Inost in 
demand, we import a oonsiderable number of foreign oheeses, 
amongst whioh are limburg cheese from Belgium, Swiss oheeso 
from Switzerland, Parmesan cheeses from Parma and other 
places in Lombardy, American oheesos from the United States, 
Edam and Gouda cheeses from Holland, and German cheoses 
from Westphidia. The last oome to market made up into 
I round balls, or short oylinders, under a pound weight each. 

The rich flavour of Parmesan cheese is owing to the aromatic 
plants which abound in the Italian pastures. Stilton cheese, so 
named from the town in Huntin^onshire where it was tet 
brought into notice, is the dearest of all English oheeses, the 
I)rioe being generally to that of Cheshire as 2 to 1, or 2 to 
li. To produoe premature decay, and consequently an appear* 
anoe of age, in these oheeses, ihe manuftioturers are said to 
bury them in masses of fermenting straw ; also to spread the 
curd out on the ground over night, by whioh it becomes sooner 
liable to the blue mould. The quantitv of oheeso of all kinds 
imported during the year 1886 was 1,784,890 owts., valued at 
^3,871,359, the principal countries whioh supplied us being 
Holland and the United States. 

Lard. — ^The melted fat of swine is imported chiefly from 
the United States. In 1886 we received 895,463 owts., value 
^1,544,632. 

LITE STOCK. 

Oxen. — The numbers imported were — ^in 1886, 241,860, 
valued at £4,358,868 ; whereas in 1867 the numbers were only 
177,948. The average price per head in 1867 was £17 IDs.; 
and the principal countries whence imported were Scldoswig, 
Holstein, and Holland. 

Sheep and Lambe amounted, in 1865, to the number of 
914,170; in 1886 to 1,088,965, valued at 482,010,194. 

MEATS. 

Bacon and Hams. — ^The imports in 1863 were as much as 
1,877,813 owts., after whioh year the importation declined ; and 
in 1867 the number of owts. was only 537,114. After 1870, 
however, it began to rise again, reaching 4,210,829 owts. iu 
1886, valued at 488,402,828. 

Bef^f 'salted). — The imports were, in 1867, 246,767 cwts., 
of the value of £028,802 ; in 1886, 190,723 cwts., valued at 
£316,393. 

Pork (salted, not including hams). — The quantity which 
was received in 1867 was 150,285 owts., of the computed 
real value of £351,871 ; in 1882, 266.259 owts., and in 1886, 
290,691 owts., valued at £431,245. 

Preservation of Meat.-— How to meet the growing aenmua 
I for butcher-meat, consequent on an increase of population and 
a decrease of stock, arising in great measure from pasture- 
lands being brought under tillage, is a question of grave im* 
portanoe in relation to the commercial prosperity of tWs and 
other oountries, and calls for the earnest attention of legislators 
and scientific men. Though the stock of sheep and cattle 
raised in England is large, and that of cattle in Irelaud and 
Scotland is a source of wealth to those two oountries, yet 
enormous quantities of meat are imported. For years past, in 
I Australia and the Argentine States, we find that the flesh of 
I oattlo and sheep has been saorifloed for other parts of the 
animal ; recently, however, many methods have been devised by 
whioh meat oan be economically imported into this country, 
and those methods have been haUed with sa^faotion by 
the public at large. The importation of the living animals, 
at one time oonsidered altogether out of the question, 
is now carried on to a oonsiderable extent, and great suo- 
oess has attended some of the prooesses by means of 
whioh the meat oan he preserved in a fresh state a sufficient 
length of time to admit of its transportation from distant 
regions. 

This art of preserving meat is one of modem times, and 
differs entirely from the old and common methods by meant of 
fidt, saltpetre, sugar, etc. These substanoos, when in solutioni 
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do not absorb oxyg^, and therefore thoj prerent deoomposi- 
Ito. The history of the aHof preserving^ moat in a fresh 
■tate is associated with the earliest ArotLo explorations. 


aneoOTS by vessels trading in the tropical regions. For ship 
use imese proserred meats are invaluable) and hardly a vessel 
now leaves Great Britain without a supply. In India they are 


Soientiho observers fonnd that soorbutio diseases arising from extensively used as luxuries in the towns, and as neoessaries 
Hving exclusively on aslit meat were fearfully aggravated by in tbe remote districts, where fresh meski of any kind is soaroe 
extreme cold ; the Admiralty, therefore, offered iaduoements to and bad. It may bo noted here that most of the ocean steam- 
merchants to devise plana for preserving unsalted meat, oookod ships belonging to ports of the United States and Eurouo cxe 


or in a raw state, thus doing away with the use of salt meat 
altogether. It is hardly possible to over-estimate the impor- 
tonoe of this subject, as is evident from foot that presorvod 
provisions, oook^ or raw, ore an absolute preventive of sea 
scurvy. 


provisioned with fresh meats conserved in ice. 

V. WOOL, 

In commercial phraBe(^gy the t«m ^woor* is applied to 
the hair of the alpaca, goat, beaver, and rabbit, and to allied 


M« Appeit, a French gentleman, was the first to succeed in substances ; but, more strictly speaking, it belongs to the sheep 
the attempt to preserve unsalted or fresh moat, and in 1810 he ^one, the hair of which, from time immemorial, Ims been woven 
receivod a prize of 12,000 francs from the Parisian Board of into cloth. 



Arts and Manufactures. In the following year, M. Bnrant, i 
colleague of M. 

Apper^ took 

out, in Great 
Britain, a pa- 
tent, wMoh was 
subsequently 
purchased by 
MeB8r8.I>onkin, 

Hall, and Gam- 
ble, for .£1,000. 

M. Appert’s 
prooess con- 
sisted in partly 
cooking the 
meat, placing it 
in a glass vos- 
sel in a bath of 
chloride of cal- 
cium, heating it 
to aljont 240® 

Fahr., and then 
hermetically 
sealing the lid. 

Appert’s plan, 
as adopted and 
improved by 
Messrs.Bonkin, 

HaU, and Gam- 
ble, is 08 fol- 
lows : — Tin 
canisters are 
subsritnted for 
the glass ves- 
sels, and the 
meat (pre- 
viously par- I 
boiled) is placed ’ 
in them, with a 
rich gravy or 
soup. The Uds, 

are / 

pierood with a , (c* 

small hole, are 



Wools are divided into two great classes — clothing wools 

and combing 

wools, or short 

wools and long 
wools ; and the 
fabrics woven 
from them are 
termodwooUonB 
or worsteds, ocs- 
cording as tho 
one or the other 
is employed. 
The fibres of 
clothing wools 
felt or inter- 
lace with one 
another, form- 
ing thereby a 
dense com- 
pact material, 
Buitablo for 
warm and heavy 
clothing ; these 
wool 8 are manu- 
factured into 
broad cloths, 
narrow cloths, 
felt for hats, 
blankets, oar- 
pets, serges, 
flannels, and 
tartans. Comb- 
ing wools, on 
the contrary, 
though long in 
fibre, do not 
felt, and are 
therefore em- 
ployed in tho 
manufaotnre of 
light and loose. 


TH£! WHALK (CATODON UAOItOCEPHALUSji 


snoh as stuffs. 


then soldered down air-tight, and the canistors immersed in a bombazines, merinos, hosiery, camlets, and shawls, and various 


bath of brine or chloride of calcium, heated to boiling point. 
On the steam issuing from the hole in the canister lid, it is 


mixed goods, as damasks, plushes, and velvets. 

The wool of the sheep has been greatly improved since the 


suddenly condensed by the spplioatlon of a cold wot rag, and animal has been brought under the fostering oare of man. The 
a drop of molten solder being dexterously applied to the hole movfion, which is considered by some zoologists as the parent 
at the same moment, the case becomes bermctioally sealed, stock of the common domestio sheop, inhabits ihe mouut^s of 
On cooling, the ends of the canisters are slightly concave, &om Sardinia, Corsica, Greece, Barbary, and Asia Minor. Tt^ animal 
the effect of atmospheric pressure, if the process has been has a very short and coarse fleece, more like hair than wool, 
mooessful ; but if the ends have flattened, or become convex When domesticated, the rank hair disappears, and the soft 
instead of concave, then either the cose has not boon properly wool around the hair-roots, which is hardly visible in the wild 
soldered, and is not air-tight, or the meat has decomposed and animal, becomes singularly developed. If sheep aro left to 


liberated gases. 


themselves on downs and mooiB, there is a tendency to tho for- 


As soon as this modification of Appert’s prooess was made mation of this hair amongst the wool ; its occurrence in the 
pt aot i o al ly perfect, it was tested by order ci the Admiralty, fleece of domestio sheep is therefore rare, and is always re* 
and sl^ps were dispatched by them to the Arctic regions wi& garded as proving defecrive sheep-farming, 
an abundant supply of these meat canisters. On their return. The climate of Great Britain is unfavourable to the growth 
the olBom in command of the expedition reported favourably of tbe best wools ; hence the superiority of the Merino, ^xony, 
of the whole. value in oold <fiimates joying thus been aud Australian wools, the produce of oountries haying a higher 

clearly demonstrated, the experiment was tri^ vrith equal j average temperature. 
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sir sc. Wismn^ B.00. 

^OVMBOMkrWMietHM^^ BOlIJnUh^ASVZnOIAL 

^ ooHstsvoTxos os Sozlxbs iCuiraoia — 

BZ*OW*OFS COOK— OAOOX OXJJMI, BTO. 

iH n ffmo form of iaperhaeto iba vImwcpl pmnm thsosgli a aet 
of plpoa 9int»g^ in * ohamhor, wbioh tho imoke sad 

bested air pa48s on their way to ehimney. In other ▼acieties 
the amolce is aaade to trareese a seriee of small tabes, while 
the steam passes oatside them. This plan was adopted in the 
^at Sasitm steamer, the stesavpipe opening into a large 
feetaagnler oh amber, placed at the foot of the ehimner, and 
traversed by a Iscge anmber of Yertioal tabes through whioh 
the smoke had to pass. The area of the saperheater varies, of 
coarse, very oonsiderebly $ bat a common proportion is abOTt 
one and a-half square foot of sorfaoe for each nominal horee- 
power of the engine. A somewhat similar arrangement ie some- 
times made in tubular boilers, vortioal tubes being introdooed. 


w sigfa t. ' A ogdindtiosl tabelar boUer is aoeelfdiilgiy employed; 
but iim tid»es are mads of smallsv diameter and g re at er length 
than, thoe# ordinarily adopted, their usual dBhmiter beiag 
about two inehee, whUe in leng^ they often ran f^wm ten to 
twelve test. The nomber empl^sd, too, is very large i In some 
powscfol engines as many as 000 will be found, and in thli w^ 
a large heating eusfaoe ie obtained without unduly inorcsisfiig 
the dimeneione of the boiler. ^ 

There is one difficulty produced by the employment of so 
many small tubes, the dmught is ooneideiebly diminished ; and 
aa a locomotive engine is obliged to have a very short chimney, 
no inorease oan be produced in this way. It is neoessary, ther^ 
fors, to resort to some other means of prodneing a ^ught 
sufficiently powerful to maintain the neoeeaary heat in Ihe 
fumaoe, the way in which this is usnally accomplished is 
by placing at the base of tiie <^mney a steam-^pipe, the blast 
from whioh quickens the draught to the required extent. 

Hiis pipe should be fitted with a funnel-shaped month-pieoe, 
as in this way a much larger body of air is thmwn into motion 



whioh are filled with the water, while the smoke finds its way 
between them, and thna imparts its heat to their outer surfaces, 
instead of their inner snrfaoos, as is usual. 

This plan was suggested by the Earl of Bundonald, and in 
Pig. 5 we have an illustration of its use. This figure shows a 
section of the boilers of the Atlcmtie steam-ship. Two furnaces 
are employed here, one being placed above the other ; the smoke 
from the two unites, and, i^ter passing in and out among the 
vertical tubes, strikes against the bridge at tbe further end, and 
thence escapes into the ohimn^. 

We must not stay here to notice the many other modifications 
often made in various marine boilers ; for these, and all other 
details, the practical student should consult Bourne's various 
works on the subject, in which he will find almost every variety 
figured and described, and in many oases full details as to 
dimensiouB and heating surface, for the partioulars of which 
we cannot find space. 

Locomotive bc^ers difler in eome respects from any of those 
already described. Instead of being built and fixed in a girmi 
place whioh they are permanently to occupy, they are, as their 
name implies, portable The epeoial requirementa of the case 
demwd, therefore, that they be made of small dimensions, and 
as light as practicable. Economy of fnel, though still an im- 
portant point, is, in theae, snbeerviont to acoaomy in apaoe and 


by it. There is usnally a small pipe fitted to this, so that when 
the engine is at rest, or getting up steam, a small stream 
may be allowed to escape. When the engine is in action, 
the waste steam from the cylinders, whioh escapes at a con- 
siderable pressure, is oommo^y employed, and tl^ it is whioh 
produces the series of puffs whioh may so frequently be observed 
issuing from the funnel of a locomotive. The drau^t produced 
in this manner is so strong that sometimes small pieces of ash 
or cinder are drawn from the fumaoe and thrown out of the 
funneL These are, of course, very dangerous, and in dry 
weather crops have thus been set on fire ; a screen is therefore 
employed to intercept them, and let '^em f^ down to the foot 
of the chimney. 

In Amerioan locomotives ^e top of the funnd. is usually con- 
siderably enlarged, and fitted wi^ a contrivance known as a 
** spark-trap ** or ** spark-arrester.’* This is more necessary 
thm on account of the prairies, whioh in a dry season are very 
easily fired, and also bmuse wood is often burnt, and this 
t^ws off more sparks than coal does. The details of this 
trap will easily be understood by referenoe to Fig. 6. The two 
inverted curves, h plaoed abm the central funnel g, arrest 
the sparks, and throw them down into the chambers, % i, where 
they remain, while the smoke and hot air escape through thi 
shaM apertures. 



THB TEmmGAL SDUOATOB. 


m 


Coke elosie oogiit to be biimt in kiDOnotiye boflm, io m to 
prevent the smoke whioh. is often prodnoed in bonsidenible 
qnnntity t bnt tbis xefolation.is by no means rigidly acUiered to, 
and often dense volumes ol smoke may be. seen issniBg from 
, the funnel The fnmaoe-bsrs are usually placed so m to slope 
oonsiderably, ai;Ld by oaref uUy introduci^ the ooid in Dront it 
becomes coked, the UM^e given off bei^ mined idtii the air 
and partially burnt in the further part of ihe foxnaoe ; but even 
with this precaution a good deal of smoke is often given off 
whcm coal is employed. 

liooomotives for use in countries where wood Is plentiful and 
! cheaper than coal, are made with special f umaoes for homing 
wood. The main difference oonaists in the necessity for an 
inoreased area of heating surface, as the heet produced is less 
^ than where coal is employed. In an ordinary locomotive about 
^ ffve square feet of heating surface per nominal horse^power is 
the us^l allowance. 

The following details of , a locomotive passenger engine, ex- 
' hibited by Messrs. R Stephenson and Co. at the Paris ib^bition 
in 1867, will give a genei^ idea of the cUmensions of ordinary 
passengor looomotiyeB. Goods engines are, of course, made 
much heavier and more powerful, sp^ being in them of muoh 
less importance than tractive force. 

The diameter of the cylinders was 16 inches, and the length 
of stroke 22 inches. The lieating surface of the firebox was 
S3 square feet, and in addition to this there were 161 tubes, 
2 inches in external diameter and 11 feet 4 inches long, pre- 
senting in the aggregate a heating surface of 260 square feet. 
The boiler was 4 feet in diameter, and might be safely worked 
up to 190 pounds pressure per square inch, being made of i-inoh 
boiler plate. The driving-wheels were 6^ feet in diameter, and 
sustained nearly one-half the weight of the engine, which was 
about 30 tons. 

There are many general features common to nearly all forms 
of boilers, to which we must now turn our attention, for at 
present we have mainly been oonoemed with the shape and 
arrangement of the various parts. Copper has occasionally 
been employed as the material of which they are constructed, 
and in many respects it is the best material, as it is loss liable 
to become incrusted with the deposit from the water, and is 
also more durable than iron. The greatly inoreased expense, 
however, precludes its adoption, and boilers are almost uni- 
versally oonatruoted of wrought-iron plates. The best plate- 
tron should be chosen for this purpose, and it should be veiy 
tough, BO as to withstand the pressure. The plates are cut so 
as to overlap one another to a slight extent, and, after being 
bent to the proper curvature, are firmly riveted together in the 
manner shown in Fig. 7. The holes should be very carefully 
punched or drilled, so as to be just the same distwoe apart 
in the two plates ; if this is carelessly done, so that the holes 
do not exa^y oorrespond, and the plates have to be forced 
iiogether by ** drifts,” and then riveted, the strength of the 
boiler is much impaired. When the plates are brought to- 
gether they are temporarily secured, and then a rivet is Inserted 
in each of the holes. The rivets, which should be of the best 
Xowmoor iron, are first heated in a furnace till they are quite 
eoft ; they are then inserted, and immediately hammered down 
so as to form a good and solid head. As it cools and oon- 
traota the rivet draws the plates closer together, and thus 
forms a tight joint without any packing being introdnoed. 
The rivets should be placed at ^stances of about two inohes 
from centre to oentre. 

When the boiler is completed, the joints are carefully caulked 
— ^tliat is, the inner edge is forced into closer contact by means 
of a hammer and cold chisel or punch, and before being used it 
should be tested by forcing cold water into it till the pressure 
exceeds that to which it will ever be subjected when at work. 
Any leak will thus be easDy detected. Rings of well-made 
cmgle iron are placed round the ends, and also at interval 
^ong the length.. Internal stays or stints are also introdnoed 
wherever they are considered necessary, to guard against the 
boiler bulging or collapsing. The different plates should be 
eo Ursanged i^t the seams do not form a continuous line either 
found or along the boiler, each being bitermediate to those in 
the adjoining plates. The reason of this is that the plates 
become eomewhat weakened by the rivet-holes, and the boiler 
might under pressure, part at the seams. 

IThe thickness of the plate-iron employed depends upon the 


pressure at whkb the bofier is to b4 worked, and also upon Its 
diameter. The following, is a rule whioh will give the mininium 
thiokneaa of plate thah ought to be employed, and it is, ol 
oonrse, better to be on the safe side, and oxoeiMl ratW Ihan 
fan short of this : — 

Multiply the internal diameter ol the boiler expressed in 
imfiies by the maximum pressure in pounds per square inch of 
surface, and divide the product by 8,900 ; ^ result will give 
the tiiiokneBS of the plate in inohes. 

An example will render this more clear. Suppose we have a 
boiler whose diameter ia 4 feet, and it ia requb^ to work it to 
a preaaure of 70 pounds, what thickness should the plate be P 
Multiplying 48 by 70 we get the product 3,360, which, divided 
by 8,900, ^ves us *377 as the thickness required. 

The us^ thickness of the plate employed is about three- 
eighths of an inch, and the rivets have a mean diameter of 
about five-eighths of an inch, though they vary more or less 
from this. The plates to whioh the tubes are fastened in 
tubular boilers are made considerably thicker, as the number of 
holes drilled in them materially lessens their strength. For 
the same reason, whenever an opening is out m the boiler to 
admit the steam-pipe or any other fitting, it is well to rivet an 
internal block round the opening, so as to compensate for the 
dimimshed strength. As a result of many experiments, it is 
found that the tenacity of boiler-plate kioreases with the tem- 
perature up to about 500^ or 600^ Fs^., but beyond this it 
diminishes. 

In every boiler it is necessary to provide some opening suf- 
ficiently large to enable a man or boy to got inside, in case of 
any repairs being necessary. This opening is known as the 
” manhole,*’ and must be so arranged l^t it con at pleasure be 
closed BO as to be perfeotly steam-tight. The plan for a long 
tme adopted was to out an oval hole in the boiler, and procure 
a* plate about an inch or two larger on each side. This conld 
be inserted sideways through the opening, and the edge being 
sme^d with red lead or some similar substance, it was held in 
its place by means of a screw fixed to it, whioh passed through 
a hole out in a movable arch, placed outside the boiler over the 
opening. By screwing the nut on the screw, the plate was 
dfawn tightly against the boiler ; and the pressure of the steam 
being exerted outwards, aided in keeping it firm in its position. 

This plan has, however, gone almost out of use, and man- 
holes are now constructed on the plan shown in Fig. 8. A 
circular or oval aperture is out in a convenient portion of the 
upper surface of the boiler, and a short tube with a flange at 
the lower end, so made as exactly to fit the oorvature of the 
boiler, is fitted on over the opening. This tube is securely 
fastened to the boiler by means of screw-bolts and nuts ; pack- 
ing is also introduced to render the joint tight. On the upper 
end of the tube is another flange, mode quite true, so that 
a thiok plate of iron may be firmly bolted to it, and close the 
opening steam-tight. Copper wire is sometimes employed in 
tMs case as a packing, a ring of it being laid on the surface of 
the flange, as the screws are tightened the wire becomes 
flattened, so as to give a very perfect joint, and one not likely 
to become injured by the heat. 

In additioB'to this opening, another is required to enable the 
boiler to be emptied when neoessary. The water used often 
oontains a large amount of various mineral salts in solution, 
and as these cannot pass away with the steam, the water in the 
boiler becomes so saturated that it dejmsits a portion as a crust 
on the internal surface. It is therefore advisable oooasionally 
to let a oonsiderable portion of the water in the boiler escape, 
and this may bo effected by opening this blow-off cook, as it is 
termed. (Fig. 9). At a convenient porUon of the under-side of 
the boiler an opening is made through the plate, and one end of 
a large pipe is inserted in this, the other end being closed by a 
valve able to withstand the pressure of the steam. This valve 
has a square spindle, and is usually situated just iu front of the 
boiler, or in the ashpit, so that it may easily be got at when 
required, without being in the way under ordinary oiroumstanoes. 

Were the boiler left quite unprotected externally, a very 
large amount of heat would be ' lost by radiation from its snr- ' 
face, and the building in which it was placed would soon become 
extremely hot. To guard against these inoonvenienees, the 
boiler should be surrounded by some material whioh is a bad 
oonduetor of heat, and whioh will therefore prevent its escape. 
For this purpose sawdust is found to answer very well indeed^. 
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In oadM, tbo l3!O^0r ia rarroimded with a oaainff 

or lagging" of wood staffed with sawdust, and when this is 
done the boiler-room will be quite oool. 

steam-pipes and the ojlinder of the engine are frequently 
jacketed in a shnilar way. Platent felt and varioas fibrous 
substanoes are in some oases empl<^ed in plaoe of sawdust, and 
answer the same end. In loooxnotiTe boilers some protection of 
this kind is Tery neoesaary, since they are so much exposed to 
the air and weather that the loss of heat would be very large 
and serious. An incidental advantage of casing the boilers is 
that when protected they may be touched with impunity, and 
thus many bums are avoided. 

If we examine any boiler we shall find several appendages 
affixed to various parts : these we must now describe. When 
a boiler is started it is filled with water up to a certain fixed 
level, and it is very important that this level should be main- 
tained almost uniform. 

The fines are so arranged that no portion of the boiler-plate 
or tubes shall be exposed to the direct action of the heated air, 
unless it is protected by being covered inside with water. Some 
of this water, as soon as the temperature rises, becomes con- 
verted into steam, and thus keeps the plate from becoming 
unduly heated. If now the level of the water falls too low, a 
portion of the surface will be exposed, and may not improbably 
be injured by being overheated, and thus rendered so soft as to 
bulge. Many explosions have arisen from this cause, and the 
need of great care will therefore be easily seen. As the engine 
is at work, a ];^rtion of the water is converted into steam, and 
thus the level inside the boiler is continually falling : we want, 
therefore, some easy mode of indicating at all times the exact 
level, and also of introducing fresh supplies of water to take 
the plaoe of that evaporated. 

The simplest mode of indicating this is by means of a 
water gauge," which is shown fixed on the end of the boiler 
at B (Fig. 10). This consists of a thick glass tube communi- 
cating above and below with the boiler, so that the level of the 
water in the glass is the same as that of the water inside the 
boiler. The gauge is usually provided with cooks, as shown in 
Fig. 11 ; by means of those at A and B it may be quite out off 
from connection with the boiler, so that in case of the glass 
becoming accidentally broken, the steam and water can at once 
bo prevented from escaping, and a fresh glass can easily be 
introduced. An additional cock is placed at 0 , by which the 
water in the tube can bo allowed to escape from it. The tube 
U usually fixed into its sockets, D, D, by a screw-ring, an india- 
xubbor packing being introduced to render the joint st^m-tight. 

Another plan frequently employed for ascertaining the level 
of the water is to place two cooks, A, A (Fig. 10), in the end of 
the boiler, the one being an inch or two above the other, and 
the level of these is so arranged that the one shall be a little 
below the normal level of the water, and the other about as 
much above it. When, therefore, the water is at the proper 
height, steam should uaue from the upper one when it is 
opened, and water from the lower one. Should it at any time 
fall too low, steam will issue from both, and the engineer should 
then immediately sot the feed-pump in action, so as to introduce 
u fresh supply of water. If, on the other hand, water issues 
from both cooks, it shows at once that there is too much water, 
whereby steam space is curtailed, and the proper action of the 
boiler is somewhat interfered wilh. 

As a general rule it is found best to have as much steam 
space in the boiler as is equivalent to about eight times the 
contents of the cylinders ; in a small boiler it is well, however, 
"to allow rather more. One disadvantage of curtailing the 
steam sp^e is that the steam carries with it a larger amount 
of ^ter in a fine state of division, and this is deposited in the 
cylinder. To guard against this as much as possible a steam 
dome (c. Fig. 10) should be provided, and the steam-pipe should 
start from its highest point. 

^e door by whioh fuel is introduced into the furnace of the 
c^ne shown in Fig. 10 is at d, while the ashpit is imme- 
•mately below it. The cook at as chows the appliance by which 
^0 quantity of water in the boiler can be reduced at pleasure, 
or by whioh the boiler may bo emptied when nocessary. This 
isMk, and the manner in whioh it is affixed to the boiler, is 
shown on a larger scale in Fig, 9, 

The description of the arrangements Tisnally employed for 
iiqeoting water into the boiler we must defer to our next lesson. 
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FBIMABY BATTEBIBS. 

Tbb introdnotion of incandescent lamps for the pufpoae of 
domestio lighting during the past few years has created a 
distinct demand for some convenient kind of electric generator 
for supplying the aeoessory current. Friction and influence 
machines give what might be called currents in the form of 
sparks, whioh are intermittent, only lasting for an instant, and 
whioh are consequently useless for this purpose. Dynamo 
machines are in every respect admirably adapt^ for running 
incandescent lamps, but they can only be used in large buildings, 
or where a large supply of light is wanted in a small district. 
A dynamo ne^s an engine to drive it, and it would be absurd 
of any man who required, say, twenty lamps in his house, to go 
to the expense of laying down the plant necessary to supply 
those lamps with current, when he could get the same amount 
of light at a fraction of the cost from gas or lamps. No : the 
dynamo, though suitable for lighting a number of houses from 
a central station, does not meet the demand for an electric 
generator adapted to isolated installationB of incandescent 
Lmps. Primary batteries have been specially constructed 
for giving the required currents, but their . want of success 
has in each case been due to the same cause — the batteries 
worked well, but they were very expensive. They consumed 
very little ainc, the liquids used were inexpensive, they 
gave off no noxious fumes, they required hardly any attention, 
while the by-products were almost as valuable as the original 
materials used ; in fact, if the inventors were to be believed, 
** electricity for nothing was an aocompliahed fact, and yet 
none of them have come into general use. 

It is as absurd to talk of getting electricity for nothing as it 
is to talk of getting heat or steam-power for nothing. Eleo- 
trioity is a form of energy, and, in order to produce it, at least 
as much energy must be expended in one form or other. In 
the dynamo machine mechanical energy is transformed into 
electrical energy ; in the furnace, potontiiJ energy in the coal 
is transformed by chemical combination with the air into energy 
in the form of beat ; in the battery, potential energy in l^e zino 
is transformed by ohemioal combination with the liquid into 
electrical energy in the form of current. The two latter re- 
actions are identical, though the subsequent forms which the 
energy takes are different. The battery is neit/ier mare nor 
less than a little furnace^ in whioh some substance (usually 
zino) is bnmt up by uniting with the liquid (usually sulphuric 
acid), just as coal is burnt up by uniting with the oxygen of 
the air ; electricity is produced in one case, heat in the other. 
That zinc is a fuel, and a good one, may be seen by taking 
a strip of zino-foil and lighting the end, when it will burn with 
a bright blue flame, giving out at the same time more heat than 
its equivalent of coal. It will not burn in a fire, simply because 
it melts and runs through the grate before reaching the tem- 
perature at whioh it takes fire. 

Zino, like other substances, has a definite heat-value, t.e., it 
gives out a definite amount of heat in uniting with oxygen. 
The following list contains the heat-values of different snb- 
BtanoeS) that is to say, the number of gramme-degrees given 
out in uniting with oxygen by a quantity of the substance 
eleotro-chemioally equivalent to one gramme of hydrogen. (A 
gramme-degree is the amount of heat required to raise one 
gramme of water l'^ Centigrade.) 


8uhitanc0, 

Heat- 

Substance, 

Value. 

POTASSZUlf . 

69,800 

Platihux . . . 

7,500 

Bontux • . 

67,800 

Cabboit .... 

2,000 

Zmo . . . 

42,700 

OXYOBH .... 

0 

l«ov . . . 

34,180 

NlTBlC AClt> . . 

- 6,000 

Htdboosk , 

34,000 

Black Oxidb op : 

> 6,500 

IiXAD • < 

25,100 

Mahoahxsb . . j 


COPPKB , . 

18,760 

Fbboxzdb of Lead 

-12,150 

SzLVxa . 

9,000 

OZOBB ...» 

-14,800 
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A glanoe at this list ahow* na at cmoa the bodiaa which wcmld 
sire oat moat heat if burnt in a fnmaoe, or which would ghre 
out most eleotrfoitj if burnt in a voltaic Potaasinm and 

sodium stand at the top of the list, but neither of these qietidi 
can be used in a as they take fire immediately that they 
are placed in the osidiBing liquid. Their tendency to unite 
with oxygen is so great that heat is given off sufficiently rapidly 
to raise ^e temperature to the point at which the bcdy talces 
fire. Zinc stan^ next on the list, and is the metal most used 
os the fnd in batteries. 

If two plates, one of pure sine and one of copper (Fig. 8), be 



Fig. 8.— VOLTAIC CELL. 


immersed in a vessel containing dilate sulphuric acid — care 
being taken that they do not touch one another, either inside or 
outside the liquid — ^no apparent 
action takes place, neither heat 
nor electricity is generated. If 
the plates be now joined outside 
the liquid by a wire capable of 
conducting^eleotrioity, the former 
state of things is altered ; an elec- 
tric current is generated at the 
surface of the zinc, which fiows 
through the liquid to the copper, 
up the copper plate*, through the 
connecting wire, and so back to 
the zinc from which it started. 

The direction of this current is 
indicated in Fig. 8 by two arrows. 

At the same time «a portion of 
the zinc unites with the sulphuric 
acid, and it is this oxidising or burn- 
ing of the zinc which supplies the 
energy which takes the form of electricity. The copper plate 
is not acted upon by the acid, and therefore no electricity 
is generated at its surface ; it plays no part in the action of 
the cell beyond simply acting as a conductor for collecting 
the electricity given off from the zinc and conveying it out of 
the liquid, and so back to the zinc through the conducting 
wire. 

The copper plate in this cell is called the negativs element^ in 
consequence of the inactive part which it plays in the working 
of the cell ; while the zinc is called the positive element^ in con- 
sequence of its being the metal which acts as the fuel for the 
supply of the current. In any cell, no matter what its com- 
position, that Buhstance which acts as the fuel is the positive 
element^ the other substance is the negative element. The 
portions of the two plates which project from the liquid are 
known as the poles of the cell ; one is called positive, and the 
other negative. The positive pole is the one from which the 
current starts on leaving the liquid ; in the case of the cell 
which we have been oonsidering, it is the copper plate. The 
negative pole is the one by which the current returns to the 
cell, and is the zinc plate. The positive and negative poles 
murt not be oonfused with the positive and negative elements. 


hatha oase of every oeU the positive pole is « portion of thm 
nego^ eiesoent, the negsutive pole >1# a portion of the poeUwe 
element. 

While the zino is being burnt up in the oeQ, a onrreat flows- 
through the dronit } this current is the equivalent of the energy 
given, out by the burning zinc, and is capable of doing useful 
work if properly managed ; it must, therefore, have been driven 
through the cell under the action of some force. This force 
which drives the current through the cell is called the ■lsotbo- 
HOTXVB vOBOB of the cell. It is usually denoted by the letoera 

In order to form a dear conception of what this dectio-motive 
force means, let us take an analogy. If there are two reser- 
voirs, A and B, on the side of a hill, ▲ being situated at a- 
higher level than b, and if we join them by a pipe, what will 
happen P We all know that the water will flow from ▲ to b. 
But why does this flow of water take place P Because thw 
pressure due to the force of gravity drives the water from 
places of high to places of low level, and the rate at which the 
water flows through the pipe depends upon the difference of 
level between a and B. Both the water in A and the water in 
b possess potential energy, due to their elevated positions, and 
the force with which this water will be driven through the pipe 
depends upon the difference of potential, that is, the di&mce 
of height between A and B. The force driving this water we 
might call gravity-motive force; and in the same sense. In 
dealing with the voltaic cell, we call the force driving the 
current the electro-motive force, which in a similar manner 
depends upon the difference of potential between the zinc and 
copper plates. The difference of potential of the two plates in 
a c^ really means the difference of their heat-values, or the- 
difference of their tendencies to be burnt up by the s^phuric 
acid. Both metals tend to unite with the acid ; but if a current* 
were to start from the copper, it would be obliged to flow from 
a place of lower to one of higher potential, analogous to water 
flowing up a hill — which is impossible. One current only i» 
therefore generated, starting at the zinc ; while the zinc itself ia 



Fig. 9.-- VOLTAIC OMiLS connected in bbeibs. 


gfradually burnt away, giving up its original potential energy in 
the form of current. 

In order to get a greater b.m.p. to drive the current, u 
number of cells are used, which are connected up as shown in 
Fig. 9, the zinc of one cell being joined to the copper of the* 
next, and so on. The five cells connected up thus will have< 
an E.M.F. equal to five times that of one cell. Any combination 
of single cells is called a battery ; and when they are joined up*, 
as shown in the diagram, they are said to be connected up in* 
series, 

ANIMAL COMMERCTLAL PRODU<3TS.— VL 

WOOL (oontiniMd). 

Mebino wool is obtained from the migratory sheep of Spain, 
a breed which is distinguished from the British by bearing- 
wool on the forehead and cheeks ; the horns are large, pon- 
derous, and convoluted laterally ; the wool is long, soft, and 
twisted into sOky-looking spiral ringlets, and is very superior im 
its fineness and felting properties. Its closeness and a luzu- 
riimt supply, from the glands of the skin, of yodk or natural oi]» 
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term to noiuiah it aad maito tbo ilbtM togother, reador This odobiated breed is now reseed in Baaumj nod in Ans* 
it sn e a r oe Hent netnial defenoe s gains t the extremes of heat and tralisy which has become one of the principal wopliprowixig 
These migrstoxj sheepf amounting in Spain to 10|000, 000, countries, in the world. In 1464 Spain imported ewes 
ace led twice a jear (in April and October) a journey of 400 rams from ^e Cotswold hills. 

miless passing the summer in the pastures on the elopes of the The Cretan or Wallachisn sheep, remarkable for the enormous 
:pyrenean mountains, and the winte on the plains towards the dey^pment and magnifioent formation of its horns, possesses 
aodtln a fleece composed of a soft woolly nnder*coat, covered with and 

Tito word mdfino signifies an overseer of pasture lands, and is protected by long drooping hairs. The wool is extremely in 
applied to these sheep because in Spain they travel in detach- quality, and is employed in the nmnufacture of warm cloaks, 
ments of 10,000 each, under the care of fifty shepherds and as which are largely used by the peaaantcy, and whi<dx are so thick 
many dogs, with a nmyoral or chief shepherd at their head, and warm tlmt they defend the wearer against the bitterest 
and have a general rij^t of pasturage all over the kingdonu cold to which i>e exposed. 



MEBINO SHEEP. 


** Several of the sheep are tamed and taught to obey the signals The chief countries which supply us with sheep and Ismbi^ 
of the shepherds ; these follow the leading shepherd (for there wool are Bussia, Hanse Towns, Argentine Confederation, British 
is no driving), and the rest quietly follow them. The flocks PoBsessions, Africa, British India, and Australia, 
travel through the country at the rate of eighteen to twenty There are other ruminant a nima l s from which the wools of 
miles a day, but in open country, with good pasturage, more lei- commerce are obtained besides the aheep. The following are 
surely. Much damai^ is done to the country over which these the chief of these : — 

immense flooks are passing ; the free sheep-walk which the jtng^rd Oo(xt angorevtH'Sy Bha8^quist).--«/Fhi8 animal 

landed proprietor are foroed to keep open interferes with en- inhabits the mountains in the vicini'^ of Angora, in Asia Minor, 
closure and good husbandry ; the commons, also, are so com- In colour it is milk white ; legs short and blaok, horns spirally 
ple^y eaten down that the sheep of the neighbourhood are for twisted and spreading ; the 1^ on the whole body is disposed 
a time balf-starved. Tbe sheep know as well as the shepherds in long, pendulous, spiral ringlets, and is highly valued in 
when the prooession has arrived at the end of its journey. Bi Turksy, tbe finest and moat costly Turkish robes being manu- 
April their migratory instinot renders them restless, and, if not factored from the fleece, which is as soft and fine as silk^ It 
guided, they set forth unattended to the cooler hiUs. In spite was first brought into the markets of Europe under the name 
^ the vigilance of the shepherds, gr ea t 'wsmbera often escape ; of mohair. Its exportatiem, unless in the shape of yam, was 
if not destroyed by the wolves, there ia no dangler of losing fonnerly prohibited, but it is now allowed to Ito exported nn* 
these stragglers, for they are found in theirvid paaiare, quietly spun. 

awaiting the arrival of thdr companions.** Mohair is transmitted to England principally from Smyrna 
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«ad Constantinople. It is mannfaotiired into fine shawls, oam- 
lets, Telreteens, plnshes, braidings, deooratire laoes, and trim- 
mings for gentlemen’s ooats. The manofaotore is prinoipally 
carried on at Bradford in Yorkshire and at Norwl^ in Nor- 
folk, and gives employment to a very considerable number of 
operatives. 

Tibet Goat (Capra hircvs ). — The costly and beantifnl 
Cashmere shawls are made from the delicate downy wool found 
about the roots of the hair of this animal, which inhabits the 
high table-lands of Tibet, where these shawls are manufactured 
These Oriental fabrics are woven by very slow processes, and are 
therefore very expensive, being sold in Paris at from 4,000 to 

10.000 francs a-piece, and in liondon at from JilOO to .£400. 
** The wool is spun by women, and afterwards coloured. A fine 
shawl, with a pattern all over it, takes nearly a year in making. 
The persons employed sit on a bench art the frame — sometimes 
four people at each ; but if the shawl is a plain one, only two. 
The borders are worked with wooden needles, there being a 
separate needle for each colour, and the rough part of the shawl 
is uppermost whilst it is in progress of manufacture.’* To 
the people of Cashmere this manufacture is very important; 
about 16,000 looms are continually at work, each one giving 
employment to three men. The annual sale there is calc^ted 
at 80,000 shawls. 

It has long been the aim of European nations, on account of 
the beauty and value of these shawls, to imitate them, if possi- 
ble, and apply to their manufacture the more speedy and elabo- 
rate methods which modem science has placed within our reach. 
The French have been most successful, and shawls are now pro- 
duced at Paris, Lyons, and Nismes, known in commerce as French 
cashmere, which clos^y approximate in stuff and style of work 
to the Oriental, while much lower in price, although still costly. 
Norwich, Bristol, Paisley, and Edinburgh have also manufac- 
tured very good imitations of these shawls. The Cashmere 
wool imported for this purpose comes into Europe through 
Kasan, on the eastern bank of the Volga, and also d^eoUy from 
ludia and Persia. 

The quantity of goats’ hair or wool imported in 1886 was 
19,527,200 lbs. ; the imports of the same material manufactured 
wore of the value of £97,454. 

Alpaca (Llama paco, Gray). — The llamas may be regarded 
as the camels of South America, to which tribe of animals they 
belong. They inhabit the slopes of the Peruvian Andes, and 
the mountains of Chile, keeping together in herds of from 100 
to 200, and never drinking when they have a sufficiency of 
green herbage. The alpaca is about the size of a full-grown 
doer, and very graceful in appearance. Its fleece is superior to 
that of the sheep in length and softness, spins easily, and yields 
an even, strong, and true thread. Pizarro found this animal 
used as a boast of burden, and its wool employed for clothing 
by the natives of that country. 

Alpaca wool arrives in this country in email bales, called bal- 
lots, weighing about 70 lb., and generally in a very dirty state. 
It is sorted into eight different varieties, each fitted for a par- 
ticular class of goods, and then washed and combed by ma- 
chinery. The principal articles manufactured from it consist 
of alpaca lust^, fancy alpacas, and alpaca mixtures. Nearly 
all the alpaca wool imported into England is worked up in 
the Bradford district. 

The Llama vicuna and L. guanacOf other species of these 
animals inhabiting the same regions, yield fine hair, but at 
present of little commercial value. 

In 1885 our imports ot alpaca (Viouiia and llama) amounted 
to 4,550,753 lbs., and in 1886 to 3,926,774 lbs., of the value of 
£225,168 and £177,012 respectively. 

In 1886 we imported 592,544,221 lbs. of wool (sheep and lamb), 
from Europe, South Africa, the East Indies, Australia, and 
other countries. Our exports of wool in 1886, to foreign coun- 
tries and our colonial possessions, amounted to 22,225,200 lbs. 

The best wool is grown in Germany, which annu^v produces 

67.200.000 lb. The finest kind passes in commerce under the 
same of “ electoral wool.*' Next to Germany, Australia ranks 
in importance as a wool-growing country ; the merino brood of 
sheep has been introduced there with unexampled success. In 
1807 the first importation of Australian merino wool was re- 
oelved in England, amounting to only 245 lb. It has now 
gzown to national importance, amounting annually to many 
siillions of pounds in weight, i^bably a more extensive 


and instructive oolleoldon of wools was never brought togsthig 
that contributed to the Great Exhibition of 1851,. & this 
country; showing, in a remarkable msiiuer, the extent to which 
wool-bearing ruminants have been fostered by man, their wide 
geographical diffhsion, and the influence of oH^te in modif^g 
the characters of their fleeces. Samples of wool were there for 
inspection and oomparison, from Cleese Tartary, Tibet, and 
India in the East, to the lately redeemed tracts of the United 
States in the far West ; and from loebnd and Scandinavia to 
the Cape of Good Hope and Australia. 

Although Europe now surpasses Oriental nations in the 
artistic working of cotton and silk, yet the saxUe cannot be 
said of the manufacture of shawls and oorp^ ; for, besides the 
Cashmere ifiiawls made at Kashmir, in the kingdom of Lahore ixt 
Tibet, and also at Delhi in British India, carpets of peouHac 
and unequalled beauty still come exclusively from Persia and 


the Levant. 


YI.~LEATHEB. 


Leather is an animal's skin chemically changed by the process 
called tanning. The akin is prevented from putrefying, and 
rendered comparatively impervious to water, by the vegetable 
astringent, tannin, found in the bark, fruit, and leaves of 
various plants ; this uniting with the gelatine of the skin, forms 
a tannate of gelatine. The skin, thus changed, was called by 
our Saxon anoeators lith,** “lithe,** or “lither”— that ia, soft 
or yielding, whence our term “ leather.'* 

The skins are first cleansed from hair and outide, by being* 
soaked for several days in a pit of lime water ; this loosens the 
hair and ontiole, so that it ia easily scraped off with a curved 
knife, upon a half cylinder of wood, called a beam. The hair 
thus removed is sold to plasterers, who nse it in their mortar. 
The skins are now steeped for a few days in a sour liquor of fer- 
mented rye or barley, or in weak snlphnrio acid. By this pro- 
oess, oalled “ the raising,*’ tbe pores are distended and rendered 
more snsoeptible of the action of the tan. The skins are then 
put into the tan-pit, in alternate layers, with omshed oak bark, 
valonia, oateobn, dividivi, and other vegetable astringents, and 
the pit is filled with water. As the tannin is taken up by tha 
skins, it becomes nooessory to empty the tan-pit, and add fresh 
supplies of tanning material and water. The time required to 
tan the skins, or transform them to leather, depends on their 
thickness and other ciroumstanoes, and varies from fonr months 
to twD years. When fully tanned, the leather, if out through, 
is of a uniform brown colour — anything like a white streak in 
the centre showing incompleteness in the procoss. It is now 
stretched upon a convex pieoo of wood called a “horse,” beaten 
and smoothed, or passed between oylinders to make it more 
solid and supple, and lastly, dried by suspension in an airy 
covered building. 

Tanned leather often undergoes the further operation of 
onrrying, or impregnation with oil. Leather, prepared as 
olro^y described, when it is received by the currier is by him 
rendered smooth, shining, and pliable, so as to make it suitable 
for the purj^ses of the shoemaker, ooachmaker, saddler, and 
hamesB-makor. First, it is soaked in water to render it pliable, 
then stretched upon the beam and shaved smooth with a knife, 
next rubbed with a polishing stone, and while still wet besmeared 
with a mixture of fish-oil . and tallow, and hung up in a loft to 
dry. As it dries, the water only evaporates, the oil penetrat- 
ing the pores of the leather. The grain, or hair side, is then 
blackened with copperas water, or s^phate of iron in solution, 
the iron uniting with the gallic acid of the tan, and producing* 
an inky dye, or a gallate of iron. Leather so prepared is 
chiefly used for the uppers of ladies* shoos. Leather for the 
uppers of men’s boots and shoes is blackened on the flesh side, 
or waxed, as it is termed, with lampblack and oU, which is 
rubbed in with a hard bmi^. The thick leather for the soles of 
boots and shoes is simply tanned without being curried. 

But leather can be z^e without tannic acid. Skins may 
be preserved by moans of alum and salt, and leather so made ia 
oalled in the trade “ tawed leather,** and is quite as durable and 
much softer. Gloves are usually made from tawed leather. 
Skins intended to be tawed pass 'through a series ot preliminary 
operations, resembling those by which skins ore made ready for 
tanning (the nse of ordures is, however, indispensable). They 
are then immersed in a solution of alum and salt, to which, for 
the superior kinds of leather, flour and yolk of eggs are added. 
They are next dried in a loft, smoothed with a warm iron, and 
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ihMi fofbmd on * otiilce, nlkon thogr «m of tnrioiui ooloim 
for floTOi nnd Indioi' booto, Tho'fVen(^ nro aklllod in this 
id At Annonn^, n town nbont dfty milei from l^ona, tnwing 
opomttoni iro onniod xm go largolj, tbit AOOOi^ kid-tklng 
nre droig ed thire ansniUj. It hag been computed that Pranoe 
and England oongume 6»000,000 eggg yearly in prepaiixig kid 
leather. Theee eggg are kept in lime-water by l&e leather 
dregger, to pregerre them until they are wanted. The arerage 
quantity of leather gloree annually made in the United King* 
dom has been eetimated at 12,0(K)j000 pairs. In addition to 
these we import rery largely ; tnus in 1886 we reoeiTed as mai^ 
as 16,887,732 pairs. The imports of raw hides, dry and wet, in 
1886, were 1,220,897 owts. 


at home. Our exports are, howerer, oosiddirable, and in 1886 
were m foUows x — 

Yaltit* 

TSaned unwrought . . • « 182,267 owt. 61,802,006.. 

Boots sad shoes 830,857 dosen psirs. 1,54AS08. 

Ssddlery sad hsnims . . . 878.094. 

'WroBgbt lesther of other sorte ” ■ ' ■ 2jKr,47A 

The Anstralian oolonies are the great purohaseis tiies# 
goods. 
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The leathers known in oommeroe as chamois and tmff 
leather are prepared much in the same way as tanned and 
tawed leather, only that oil is substituted for the alum and 
tennio acid. The skin of the chamois is not always used ; more 
frequently sheep and doe skin. Wash leather is an example of 
this kind of preparation. 

Buseia leath^^ the smell of which is so agreeable, is pre- 
pared in the usu^ way, then tanned with the bark of the 
willows (SaUai einerea and 8altx capraa), and afterwards curried 
with the empyreumatio oil from the bark of the biroh tree, 
which imparts to it its peculiar odour. M. Cherreul, who in- 
Tostigated the ohemipal nature of ^e odoriferous substance, 
called it betuHne, 

Morocco leather of the finer qualities is made from goat- 
skins tanned with sumach, and inferior moroooo, or roan, from 
sheep-skins. The hair, wool, and grease are remoTed as usual, 
and the skin, thoroughly cloansod, is reduced to the state of 
simple membrane, called pelt. Each skin is then sown by its 
edges into the form, of a bag, the grain, or hair side, being out- 
wards. A strong solution of sumach haying been put into tho 
bag, it is distended with air like a blown bladder, and the aper- 
ture tied up. About fifty of those skins, so distended, are 
thrown into a tub containing a warm solution of sumach-— tho 
tanning liquor — in which they are allowed to fioat. In a few 
hours they ore tanned, removed from the bath, the sewing is 
then undone, and they ore scraped and hung up in the drying 
loft. Bed morooco leather derives its colour from ooohineal, 
which, boiled in water with a little alum, forma a red liquor, in 
whiob the skins are immersed before being put into the sumach 
bath. In the ease of black morocco, the skins are sumaohed 
without any previoas dyeing, and the black oolour is given 
by applying with a brush, to the grain side, a solution of red 
acetate of iron ; bluo is oommunioatod by indigo-; puoe oolour 
by logwood, wiih a little alum ; green is derived from 8axon 
blue, followed by u yellow dye made from the chopped roots of 
the barbery ; and for olive, the skins are first immersed in a 
weak solution of green vitriol, and then in a decoction of bar- 
berry root, containing a little Saxon blue. 

The thiokest and most substantial leather now in general use 
is that made from the hides of the wild horses found thronghont 
tho paTopas in South America. It is employed for the soles of 
boots and shoes, harness, saddlery, leather tranks, hose for fire- 
engines, pump-valves, military gloves and belha Deer-skins are 
used for the finer kinds of moroooo leather, and for bookbinding. 
Calf-skins, tawed, are used by bookbindera ; tanned and curried, 
by boot and ahbemakers. Sheep-skins, simply tanned, are em- 
ployed for inferior bookbinding, for leathering bellows, and other 
purposes where a cheap leather is required. Morocco leather is 
used for coach lixhngs, for covering chairs and sofas, bookbind- 
ing, pocket-books, etc. A thin leather, called ekiver, is used for 
hat linings. There is an immense demand for t^n leathers, 
and machinery for this purpose is now oonstruoted with such 
accuracy that it will eplit a sheep-skin into three parts. The 
grain side of the skin is then used for slriver, the middle for 
vellum and parchment, and the fiesh side is transferred to the 
glue maker. On parchment we inscribe our deeds, and on 
vellum all our State documents. 

The leather manufacture of Great Britain is of great import- 
ance, and ranks next in value and extent to those of ootton, 
wool, and iron. Tho census of 1851 «diowed that 850,000 
persons were engaged in the different branches of ‘the leather 
manufacture, and its entire annual value has been computed at 
more than ^820,000,000 sterling, the leather for boots and shoes 
^one being valued at ^12,000,000. Most of the leather made 
m the kingdom, and the artioles manufactured Ihxm it, are used 
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OME other principleB of 
a less noble oharaotec 
than those which we 
have already noticed as 
entering into omamenh 
yet remain to be men- 
tioned. Man will bo 
amused as well as in- 
structed ; he must be 
pleased as well as en. 
nobled by what he sees, 

1 hold it is a 
first principle 
that ornamen- 
tation, as a true 
fine art, cau 
administ^ to 
man in all hia 
varying moods, 
and under all 
phases of feel- 
ing. Decora- 
tion, if properly 
understood, 
would at onoe 
be seen to be a 
high art in the 
truest sense of 
the word, as it . 

cam teach, elevate, refine, induce lofty aspirations, and allay 
sorrows ; but we have now to notioe it as a fine art, administer- 
ing to man in his various moods, rather than as the h a n d m a i d 
to religion or morals. 

Humour seems to be as much an attribute of our nature as 
love, and, like it, varies in intensity with different individuals. 
There are few in whom there is not an amount of humour, and 
in some this one quality predominates over all others. It not 
nnhrequently happens that men who are great thinkers are also 
great humects — great talent and great humour being often, 
combined in the one individual. 

The feeUng for humour is minister^ to in ornament by th» 
grotesque, and the grotesque occurs in the work of almost all 
ages and peoples. The ancient Egyptians employed it, so 
did the Assyrians, the Ghreeks, and the Romans ; but none, of 
these nations used it to the extent of the artists of the Celtic, 
Byzantine, and the ** Oothio*’ periods. Hideous ** evil spirits** 
ooQurred on the outside of almost every sacred Christian 
edifice at one time, and much of the Celtic ornament produced 
by the early monks consisted of an anastomosis, or network of 
often grotesque creatures. 

The old Irish orosses were enriched with this kind of oma- . 
mentation,* and some of these decorative embellishments are 
of extraordinary interest; but those who have access to the 
beautiful work of Professor Westwood on Celtio manuscripts 
wiU there see this grotesque form of ornament to perfection. 
As regards the Eastern nations, while nearly all have employed 
the gr^sque as an element of decorative the Chinese and 
Japanese have employed it most largely, and for it they manifest 
a most decided partiality. The drov^gs of dragons, celestial . 
lions (always spotted), mythical birds, beasts, fishes, insects. 


* Casts of one or two of thess can be seen in the central transepl 
of the Crystal Paloee at Sydenham. 
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these peoples produce, are most interesting and eKtraocdiBi^« 
Witiunit in any way. going into a history of the grotesque, 
let us look at the ohsraoteristio forms whidh it hM Msamed^ 
and uiiat is necessary to its — 

successful production. We 
hare said that the grotes^ " 
hi ornament is the analogue 
of humour in literature. 

This is the case; but the 
grotesque nugr represent the 
tru^ horrible or else it 
may be simply repulsire. 

This form is so seldom re- 
paired in ornamentation that 
1 shall not dwell upon it, 
end when required it should 
always be associated with 
power; for if the horrible is 
feeble it cannot be corree- 
tire, but only rerolting, 
like a miserable deform^ 


In ecdir IM I may ta ’tha madm » Wlsy^ idiiMf 
my mm raapesiiim ^ IMnsquo than X oihaismm , ixnu4 
I hme a kek ha d mm or ten original glust m t iqa Bf’-pig. 
being aaggeatirs of n laae^ 14 of » sMa^ (old 

bogay)« and^i^. 16 of an 
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1 tilink that it may be 
talcen as a principle, that 
the fterther the grotesque is 
remored from an imitation 
of a natural object the 
better it is, prorid^ that it 
be energetic and rigorous 

lifeUke. Nothing is worse than a feeble joke, 
unless it be a feeble grotesque. The amusing 
must appear to be earnest. 

In conjunction with this chapter we engrare a 
eexies of grotesques, witiii the view of illustrating 
my meaning, and I would fain giro more, but my 
space will n^ permit me to do so. 

The initial letter at the commencement of this 
lesson is a Celtic letter S, formed of a bird. It is 
quaint and interesting, and is sufficiently nnlike 
a living creature to avoid giving any sense of 
pain to the beholder, while it is yet in a most 
unnatural position. It is, in truth, rather an 
ornament than a copy of a bird, yet it is so 
suggestive as to call forth the thought of one 
of we ** feathered tribe.’* It should be noticed, 
in connection with this figure, that the inter- 
stices between certain portions of the creature 
are filled by a Imot. This is well^*--ihe whola 
thing being an ornament, and not a 
smtiualistio representation. 

Kg. 11 is a Siamese grotesque 
head, and a fine sample it is of the 
ooiions fom of ornament which it 
T^’i'esents. If ark, it is in no way 
a copy of a human head, but is a 
true oomament, with its parts so 
arranged as to call up the idea of a 
face, and nothing more. Notioe 
the volutes forming the chin ; the 
grotesque, yet highly ornamental 
lines forming the mouth and the 
upper boundary of the forehead, 
sad the flambeauant ears : the 
whole thing is worthy of the most 
careful study. 

Kg. 12 is a Gkithio foliated face ; 
hvt here we have features which 
are mnoh too natnralistio. We 
have, indeed, only a hideous human 
&oe with a matg^ud excresoenoe 
af leafage. This is a type to be 
avoided ; it is not droll, nor quaint ; but is sfon^ly YmpfiesiMurt ! 
to look upon. I 

Kg. 16 is a fish, with the feeling of the grotesques of the | 
Middle Ages; it is modified from one in OoUing’s **Art 
Foliage.** It is a good iype, bedng truly amoaneptal, and yet 
•uffloiently suggestive. i 


impmdkAm saiiaaL 
are Intentbaally fer iwm 
imitative. If naturslistio 
erne would awahen a sense 
ef paiu, ss they are oon- 
iorled into eurtofus posi- 
tions, wheress that whieh 
indnoas no thime^t of life 
or feeling indnoee no oense 
of pain. 

Of an grotsoquoa witih 
vdikhrl am acquainted, the 
dragonaof the Chinese and 
Japanese ore thooe which 
represent a combination of 
power, vigour, energy, and 
paosiott most folly. This 
is to be aoeounted for by 
the fsot that fimse peoples 
are belkvert in drsgciia. 
When the sun or moon is 
eclipsed they believe that 
the himinons orb has been 
swallowed by some fierce 
monster which they give 
form to in the dragon, and upon the ooourrenoe 
of such a phenomenon they come with cans and 
kettles to make rough musio, and thus eanse the 
monster to disgorge the luminary, the brUlianoy 
of which it would otherwise have for ever extin- 
guished. I can imagine a believer in drag^s 
drawing these monsters with the power and spirit 
that the Chinese and Japanese do; but I can 
scarcely fancy that a olsb^ever co^d do so-— a 
man*B very nature must be saturated with a bdief 
in their existence and misohievous power, in order 
that he may embody in his delineation sudi ex- 
pressions of the assumed character of this ima- 
ginary creature as do the Chinese and Japanese.*^ 
Although I am not now considering the struo- 
ture of objects, I may say that the grotesque 
should frequently be used where we meet with 
naturalistic imitationB. We not unfrtquently 
see a figure, naturally imitated, placed as 
a support to a supcxinonmbent 
weight^— a female figure as an archi- 
tectural pillar beaa^g the weight 
of the entablature above, men 
cronohed into the most painful 
positionB supporting the bowl of 
some colossal fountain. Natnxal- 
istio figures in such positions are 
simply rcrroltixur, however perfect 
as works of soulptuxc. If weight 
has to be supported b^ that which 
has a resemblance to a Hving crea- 
ture of any kind, the semblaaoe 
should only be suggested; and the 
more unreal and woodeny (if I may 
make such a word) the support, if 
possessing ^e quaintness and 
humour of a true grotesque, the 
better. 

It is not iffie business of the 
omamentist to prodnoe that which 
t b*n induce the feeling of oon- 
tinned pain, unless there is some 
exoept&nial reason for his so doing, and suoh a reasem is cl race 
ooourrenoe. * 

* Himy fine apeQlme&a of Japaaaoe and OKhviea g mis oq u a s luiTe 
been exhfixitad in London from time to time, aindsdme oie 
be seenin the w osei ioaa oS of bnportomi of snoh^fOeiSl ' 
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Bt ▲« omdim or iESKS botax* abottaiet,. 
OlXin^WlUBE. 

Tvb powte iis«a for 4lt«ri«i of nnall oms aobomeOr 
i^oonoei in a fx^ deg^ elBolencr ^ ^4 iraiipoui. 
Tliaro if no dimoScm S&, wHoh EngUslt artd&ei^iiMn Itavf 
laboured ao doterndiif^ fad, on the whole, enoofufaQy!| ae 
in the direotion of the improreinent of the powder* for fima 
and email arm. For the moment we are engafed with email 
arm only ; hot it will, perhape, be oonvexdent if we deal erfth 
^ eubjeot of powder as a whole, and take this oooaelon to 
generally of the different deeoriptiane of gmxpow^ in 
nie in the British servioe, 

! : •Qnnpowder, as all the world knows, is an intimate miatnre of 
ii||itpetre, sulphnr, and oharooal. 

, The proportions of the ingrediente differ in Tariocts ooimtriee. 
The fc^owing table, extxaoted from Captein Goodenongh'e 
^ Notes on Gunpowder, Prepared for the Use of the Gentlemen 
(Mots,** showe the rates, or per*oentage, of the sereial ingre* 
in the powder of different oonntries - 

Saltpotra I Sttiriuir. { OhsrcetiU 


England (Govenment powder) 
Vmaon 

76 

10 

15 

Prassla 

United States 

75 

12*5 

12*5 

Biisaia . 

73*78 

12*63 

18*69 

Austria 

78 

12*5 

11*5 

Spain . 

78*47 

12*75 

10*78 

Sw^en 

75 

16 


Chioa . • 

7« 

14*4 


Switserlaud . 

76 

14 

iO 


English powder has long held almost undispnted supremacy 
as to exoeUenoe of quality and strength. The purity of the 
ingredients employed, and the elaborate care which is bestowed 
upon aU the processes of manufacture, result in the production 
cf an explosive and propellent agent of great power. Indeed, 
the chief objection to the English powder has been that it is too 
stroi^. We believe that we may safely affirm that there is no 
powder in the world equal to t^t which is produced at the 
Gk>vmmment mfUs at Waltham Abbey, unless it be the powder 
which is turned out from the mills of some of the leading 
EngUsh makers, such as Curtis and Harvey, Hall and Sons, 
and others. 

The action of gunpowder is due to the almost instantaneous 
decomposition of the saltpetre by the oharcoal, the latter being 
burned by the oxygen of the saltpetre, with which it combines 
in the aot of burning to form oarbonio acid gas. At the same 
time the oxygen in the saltpetre becomes separated from the 
nitrogen with which it was combined. 

The explosive force of gunpowder is mainly due to the sudden 
en^otioii at a high temperature of these two gases — carbonio 
acid and nitrogen. In this action, it will be observed, the 
snlphnr plays apparently no part. Indeed, it is a fact that 
gunpowder may be made without sulphur at all ; but the ex- 
plosive force of a mixture of saltpetre and oharcoal is com- 
paratively feeble, because the evolution of the gases in such a 
mixture is very slow, and the temperature of the gases, and 
the consequent expansion, relatively small. Sulphur, therefore, 
which ignites at a much lower temperature than either of the 
other two ingredients, is added to render the action more rapid, 
and, by raising the temperature of the gases, to increase their 
expansive ^wer. Sulphur also increases the volume of the gas, 
by combining with the potassium in the saltpetre, and so 
liberating the oxygen with which that potassium was combined, 
the liberated oxygen becoming available for the burning of the 
idiarooal. 

It is to the presence of the sulphur that we owe the white 
smoke and the solid residne of ffiM gunpowder. The smoko 
aud eesidne are chiefly sulphate of potassa (K^SO^) aud oar- 
bodUS^ oi potma (K, 003 ), reeolting from ^ combination of 
the pfttp'hvaf with the potassium. Some of the sulphide of potas- 
rium la carried out by the escaping gases, when it oatchM £Lre 
and buma^onning flash and smoke ; that portion of it which 
is not carried out being left in the form of a solid residue. 

The expiloslOn of a charge of gunpowder can be effected by 
raising a single grain of the powder to a tempecatnre cf about 


600^ whh^is ^ t em pei yte e at the antehET 
nriilnaioa.' ipbfa' Is' hitraA-ihii 

trpiiamittad %^tMr own exponrive pewiv 
imm, Igsiithif ciBier grains, and fln^ oonMidiiif 
bhargt. Frimi this it follows that the cl a lAMegi c< 

wder is not neoesaarily— -indeed, it 4s not tisxSI^ EEt 
enmsttnees — really instantaneous. Gunpowder, In ladt, 
but thie oombustion generally takes plm at so great * eats 
that it practically amounts to instantaneous ignitiam 
con s id e ration brings us to a very imporknt bran<di cf our 
subject. 

Those who have followed us thus far will have xeboghlaed 
tiliat the explosive force d gunpowder is not detenhined nkme 
by the amount of gas developed. It depends upon thset Min 
causes i the amount of ^ deyeloped ; the heat evobrCd, hy 
which the expansion of the gases is i^nenoed ; and the xapl^'^ 
with which the gases are produced. As to the flrst twb pwka, 
we have said that is neoesaary for the purposes cf the 
present paper. As to the tl^ point, it is clear that If 
the rapiffity of the inflammation of ttie charge depend, ciriMs 
parihu8, npon the rapidity with which each grain suCoessMIy 
becomes ignited and consumed, it is possible largdy to inffa* 
enoe the action of the powder by altering the siae end shape of 
the grains. 

Thus, for example, to put an extrema oases — ^If the powder 
were not disposed in gr^s at all, but existed in the form of 
a solid mass, like what is technically known as ** press oakCi,** 
the inflammation of the mass woi^ be rery idow in^Kddj 
the flame applied to one portion would flash over the whole 
surface, and then proceed to consume the mass Itom outside to 
within, burning it slowly away in snocesrive layers. If the 
mass, however, be broken up into an inflnite number of small 
particles, the effect is to open a large number of passages 
through which the gases at once rush, thus praotioal]^ igniting 
eaoh grain in the same instant of time ; and in proportion as 
the Individnal grains are of a size and shape which permit of 
their being readily consumed, so will the burning of the whole 
mass of powder, and consequently its conversion into gases, be 
rapidly effected. 

Here we have the two extremes — of slow and rapid ignition ; 
extremes which are susceptible of modification at will, and 
between which lie the various applications which the artillerist 
makes use of. In short, it comes to this, that the action of 
gunpowder can be largely influenood by mechanical means, and 
^thout prejudioe to its chemical character. Of course, the 
chemical character can be influenced by a change in the propor* 
tion of the ingredients, in their purity, in their mode of mamu 
faoture, etc. ; but obviously the bettor course is flrst to discover, 
by theory and praotioe, the best chemioal oonstitutiem for gun- 
powder — that oonstitntion which is capable of producing tiie 
maximum results from the three ingredients of which gun- 
powder is composed — and then to seek mechanically to control 
the violence or rapidity of the action. In praotioe, this Is what 
we do in England, and the field of experimental inquiry thus 
opened out is exceedingly wide. 

One interesting application of this theory is that which 
was proposed by Mr. Gale, the well-known experimentist, of 
Plymouth. Mr. Gale, following — although perhaps nnooiji- 
Bciously — the steps of the French artillerist, Piobert, and those 
of the Bussinn chemist, Fadtieff, filled up the interstices of gun- 
powder with an inexplorive substance, such as finely-powdered 
glass, and in this way, by cutting off communication between 
one grain and another, made the powder absolutely inexplosive. 
Mr. Gale proposed to dilute all powder in store with tiie ground- 
glass, and when required for use to sift out the glass, when the 
powder would resume its natural explosiveness. The idea was 
ingenious, but it was open to many practical objections, which, 
in spite of the suooess that, on toe whole, att^ded toe long 
series of costly experiments whioh were made, ultimately deter- 
mined toe rejection of the proposition, although at first sight it 
bad appeared to be feasible enough. 

More useful advantage is taken of tiie toot that toe expknive 
violence of gunpowder can be readily controlled by mechanical 
means, in oonneotion with the adoption, for the different natures 
of fire-onus, of the powder most s^ted to toem. The rise of the 
the nature of the work required to be done, and the redno- 
tion of the strain npob toe weapon, are toe three oonsideBatioiui 
[ whioh mainly influence the deterndnation of toe most sui^ablt 
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powder. A low wordo upon oaoh of these pointe in siiDoeBaioa 
nuty be useful. 

1. The swe of the charge. — It might be hastily assumed that 
the sise of the oharge ocmld not have much induenoe upon the 
nature of the combustion, and therefore could not aifeot the 
eeleotion of the powder for partionhur arms. The popular notion 
would probably be— that if a powder, of a parkoular sise and 
form of grain and density, bum quicker than another powder in 
any fire-arm, it must bum quicker in all arms. And this argu- 
ment would probably go forward to the condusion that fine- 
grain powder must, under all ciroumstanoes, bum quicker than 
large grain. Both these opinions would he erroneous. The 
rapidity of action of gunpowder depends upou (o) the rate of 
burning of each grain, c^ed the velocity of combustion;” 
and (&) the rate at which the grains sucoessively become igniM, 
called the “velocity of ignition.” In the case of an open train of 
powder, the velocity of ignition is independent of the interstices 
between the grains-— the flash travels over and along the train, 
not through it. So also with small enclosed charges. When 
the distance which the flame has to traverse is inconsiderable, 
the velocity of ignition is an element of subordinate importance 
to the velocity of combustion. In the case of very largo, 
charges, however, it is otherwise : the velocity of ignition then 
becomes a more important element. Consequently, according 
to the sise of the charge, those elements which favour velocity 
of igpiition will have a varying importance,* and thus it is 
impossible to predicate from the size and shape of the grain 
— which are the elements that mainly influence the velocity 
of ignition — ^whether a certain powder will be quick or slow. 
Other conditions being the same, a fine-grrAin powder will 
generally bum quicker than a large-grain, except in very large 
charges, whore a very fine-grain x>owdor will not bum so 
quickly as the same powder disposed in larger pieces. 

2. The nature of the work to be done bears, of course, directly 
upon the selection of powder. Thus, in a smooth-bore musket 
the chief point is rapidity of action ; while, with rifled small 
arms, regularity of combustion and uniformity of action are of 
greater importance. Indeed, a very quick powder is unsuited 
for rifled small arms. In the case of an expanding bullet, such 
as is used in the Enfield rifle, and which was described in our 
last paper, it is desirable to make the pressure upon the plug as 
little of a blow as possible ; hence a comparatively slow action 
is preferred. And in the case of arms firing non-expanding 
bullets, such as the Martini-Henry — which will presently be 
described — too rapid a powder, by escaping over the bullet, 
tends to cause fouling. Therefore, we find that the powder 
which was used for the old smooth-bore arms, and which was 
known os “ fine-grain,” was of a size to bo retained upon a 
sieve of 36 meshes to the inch, and to pass through one of 
16 meshes. The powder used for the Enfield rifle is of a size to 
bo retained upon a sieve of 20 meshes to the inch, and to pass 
through one of 12 meshes. The powder for the Enfield rifle is, 
however, different from the old smooth-bore powder in other 
respects than size of grain. It is made with dogwood instead of 
alder charcoal, the ingredients arc more thoroughly incorporated, 
the density is rather less, and the grains are more rounded, 
more uniform in form; and more highly glazed. Again, as an 
example of the adaptation of powder to the work to bo done, 
may be instanced the nse of an exceedingly quick powder for 
the bursting charges of Shrapnel shell, where the powder is 
required to effect the rupture of the shell and the release of the 
bullets as instantaneously as possible, so as to diminish the 
possibility of the charge acting upon the balls. Finally, in the 
case of all rifled guns, it is necessary to select as uniform a 
powder as possible, and for rifled guns a special powder has 
generally been employed. 

3. The reduction qf the strain upon the weapon, — When wo 
have to deal with large guns, we are met by the third 
consideration which wo have named, viz., the importance 
of reducing the strain upon the gfun as much as possible. 
In the use of small arms this consideration may practically be 
ignored. The strength of the barrel should be largely in excess 
of what is requisite to resist the explosion of the regulated 
charge of gunpowder, however rapid in its action ; and 
the same holds good with regard to field-guns and guns of 
moderate calibre. But it is far different when wo pass from 
weapons which fire only 70 or 80 grains of powdor, or guns which 
firs only a few pounds, to weapons whioh consume 40, 60, 


and 100 pounds of powder at each disokorge^ The great 35-ton 
guns built at Woolwich fire 110 pounds of powder — that is, about 
a barrel and a quarter each. With su^ charges as these it 
is necessary to modify the action as muoh as possible ; it is 
desirable at the same time to do this without dimiiiishing the 
power of the gun by any reduction in the strengtii of the powder. 
This is a problem whioh has each year become of ii^meoeing 
importance, as the guns and charges have become larger and the 
strain more severe. It is a problem which accordingly has 
actively occupied the attention of artillerists for the last lew 
ywB. The strain whioh the gun suffers from most is the 
violent initial strain at the moment of the first ignition of the 
charge. If the development of gas be intensely sudden, we have 
a violent local effect, an expression of irresistible force upon the 
sides and end of the bore before the shot is moved. A familiar 
experiment illustrates this. If a charge of powder be placed in 
a thin glass tnbe, and a charge of fulminating mercury — which, 
compared with gunpowder, is intensely sudden and violent in its 
action — ^be placed in another ; and if the two tubes be closed with 
a cork, and their respeotive charges exploded, the cork will be 
blown out of the tube which contains the gunpowder, while the 
tube whioh oontains the fulminate will be shattered to pieces. 
What we require in a gun is, not to burst it, but to blow out the 
shot. It is desirable, therefore, with very heavy ohargres to 
modify the action of the powder, and this without altering its 
chemical character and strengfth. Accordingly, the size and 
shape of the grams, their density, and the degree of glazing 
imparted to them — ^physical conditions which all affect the rate 
of explosion — arc modified in such a way as to make the explo- 
sion less rapid, and to distribute the pressure more evenly 
through the bore. 

With this view the Bussians, Prussians, and others employ 
what is called “prismatic powdor” — powder whioh is com- 
pressed into hexagonal prisms, perforated to allow of the 
passage of the gases. This powder is, no doubt, a great im- 
provement upon the granulated powders ; but in Engird it has 
been found inferior to both “pellet” and “pebble” powders. 
“ Pellet” powder was adopted provisionally in 1866 for use in 
very heavy charges. It consists of cylindrical pellets instead of 
grains — the diameter of the pellets being throe-fourths of an 
inch, and their thickness about half an inch. This was followed 
by a pebble powder (designated P.), the gn^ains of whioh were ^ 
rough g-inch cubes, to be used with 7-moh rifled muzzle-loading* 
guns and upwards. But even this was too violent ; and a larger 
pebble powder (P.^), with cubical grains of 1^-iuoh side, was 
substituted for 12'5-inoh guns, and higher calibres. Experi- 
ments were made with prismatic powders of about 2x2} inches 
gnrain, or 1x1} inch groin, each having a hole through the 
centre ; and, finally, a cylindrical pattern (C^) with grains of 
2x1} inches, also pierced longitudinally, has been found to give, 
with careful manufacture, more uniform results. Not merely does 
the use of these larg^e-grained powders greatly doorcase the local 
strain upon the breech end of the gun, being far more gradual 
in ignition ; but it is capable of imparting, with a reduced 
strain, a far higher velocity to the projectile. Thus, not only 
is the power of our guns grreatly increased, but their time of ser- 
vioo is prolong^ in proportion to the less strain imposed upon 
them. The uniformity of action of this powder is also 
greater than that of the ordinary old-fashioned cannon 
powdor. 

The maximum pressure exerted upon an 8-inoh gun with 
35 pounds of P. powder is estimated at 15*4 tons per inch 
as against 29*8 tons exerted by the former cannon powder 
(“ Bifle Large Gmin ”) ; and the initial velocity of the pro- 
jeotile was increased from 1,363 to 1,410 feet per second. 
The Pg powder in the 38-ton muzzle-loading gun was calculated 
to give a velocity of 1,540 feet per second with a pressure of 22 
tons ; but the new cylindrical powder gives even better results, 
for in the 9-inoh breech-loading gun it gave a muzzle velocity 
of 2,075 feet with a pressure of 15*5 tons only. 

It appears, then, that while the chemical constitution of all 
English powder is the same, the physical obaraoteristios of 
different powders differ widely, the size of gram ranging 
from the fine “ pistol ” powder, of whioh the grains are re- 
tained upon a sieve of 72 meshes to the inch and pass through 
one of 44, up to the pebble powders, whioh arc retained be- 
tween larger meshes, and the symmetrically formed cylinders of 
the new pattern grain. 
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THE TBCmNIOAL EDIK3AT0B. 


TEOHNIOAX DEAWINa.— X. 

DEAWINa TOB OABBBHTEBSs B0078. 

Tn wHole of iroofii heiag rwy folly treated of In the 

leMone on ** Bnildiitf Oonetmotion,’' it will not be neoeeeary in 
tide oonree to gif e many «|»eoimena of themu 

The foUowi^ eiamplfle are illoetratlone of looft in whkh 
iron is oomblBed with wood, by which meene far greeter light- 
neee ie attained than when wood only is employed* In Fig. 70 
A A and B B are tenaion-roda $ by eoiewing np the nets at the 
enda of thoae, the atraining-pieoes, d i>, axe foroed upward, and 
being perpendioolar to the prinoipala, th^ give anpport to 
them at their middle pointe. When these tenaion-roda ate 
tightened, it will be seen that the tie-rod, o, ia alao attained, 
em perfect BtiSnemt ia thna 

Kg. 71 ahowa the manner in 
which the loindpala meet Ihe 
apen ia oorered by an iron 
I&te; this ia bent downward 
ao aa to form a baae for the 


anpport of the ridge-timber) a plate attends bebw 11m 
shoe for the attachment of the teniion-roda. 

Fig. 76 ia a aimilar aobjeot, with an extra breadth of plate, 
and a third hole into which end of a fertioal tenaion-rod, 
which aeta as a king-poet, is bolted. 

Fig. 77 ahowa the oaat-iron dme to the reod^n of the 
lower enda of the prmoipalB. 

Fig. 78 ia a tnxaa naed in a railway-ahed in Paris, dengned 
by M. Armand. This ia an applioatioa of Fmya’ ajatem of 
building up the arch-beam of plates of thnber, and to this ia 
added a wronght-icon tie-rod, by which the ends are oonflned ; 
this is tightened np by the tenaion-rod, a b, in the middle. 

Kga. 79 and 80 are the elevation and plan of the jnnotion at 
I B, showing the means by whhdi the tie-rod is tightened np. 

Fig. 81 ahowa another axxange- 
ment for attaching and tighto- 
xng a temdon-rod. 

In drawingtheae examples, Idie 
etodent oasmot do betto 
follow the oonatmction aa de- 
.aoribed, and draw the variona 




mta, which ahaU^ be at right angles to the tension-rods. The 
nuts are double in order to oanae them to act upon a greater 
length of the rod thmi would be the oase if single ones were 
•employed. 

72 illustrates the manner in whidb the nuts act at the 
lowmr ei^ of the principals, a cast-iron boss being attached to 
the wood-work, with one face slanting, so that in this oase al fo 
the^OM of the nuts xoay be at right angles to the tension-rods. 

IV* * roof-trass on preds^ the same prindple aa the 
•outer, the difiEioxenoe being merely that the etraini^pieoea, 
A A, m of wood instead of oast iron ; at their lower end, how- 
Ofw, tlmy safe fitted with a wronght-iron ahoe (1^. 74, b b), 
into the ringed end of which the tenaion-rods hook. ThoM 
hooks ace oonfined by rings, and their ends are then bent round 
aa shown at o o and A. 

Fig. 76 is a section of a oast-iron double shoe, or honaing, for 
the reo^tion of the upper ends of the prindpi^, and also for 


members in the order in which they wonld be employed in the 
construction. He will, by this mo^ of jnrooeeding, learn to 
make a drawing in an intelligent manner, instead of merely 
copying the lines. It is advisable that the drawing dionld be 
made of at least twice the size of the original, and if neatly 
inked and nioely coloured it will become an important addition 
to the portfolio. This affords an opportunity of advising each 
studcmt to provide himself with a portfolio, and to keep his 
drawings fiat When drawings are rolled one over another, 
they are put away in a drawer or cupboard (if ixxdeed they are 
Bo taken care of) ; thoae which were drawn first are buried in 
the depths of the roll, are seldom seen, and are often entirely 
forgotten; even if taken out for reference, they will not keep 
fia^ but are wrinkled and difficult to measure from. On the 
other hand, if the drawings are neatly out off the board, and 
kept in a portfolio, they are oonsiantly kept before the eye^ and 
the student ia thua reminded of aubjeota and of prinotplea,! 
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mOBmOAL BBJkVmth 

would oitowiie luwe fo^od only a fixiglo ita4jr« j £^dliire» eaob telt will beoone worn «od wone «• iho work 
powhly norer io be looked at afcun. Poraolioe may now be prooeedte^* and the inoorreofcneaa wlU be to evident that be will 
had at a vezy low jKjdoe* and the atndent ia aaanred that the hare to give np the work in an ineomplete etute, thna waeting- 
ainoi^ idU be Te^ wed laid on^ all the tbne and trouble that haTe been beatowed upon it. 

Hating drawn the eeotione of the walls in Fig. 70, draw a If, howerer, the atndent, in laakiiig a drawing bom any of 
hoclaontal line aoroaa £r(mi top to top, and projeoting beyond the examples that hate be^ brought under bis notioe, shonld 
the waDa aa far aa the eatea at b x are int^d^ to oterhang find that either from inattention to some preUminary point of 
the wsHa of tim building. detail or of the ■ofie, he is going ao far wrong 



At the middle point of this horizontal erect a perpendicular, that he is obliged to gite up the piece of wrk that he is. 
and mark on thin the height of the angle where th e rafters engaged on, he idiould not be discouraged, but renew the- 
meet. attempt on fresh paper until be has succeeded to his satis* 

Next draw the rafters, the straining-pieoes, j> d, and the faction. PerseTeranoe, ho must remember, never fails to bring 
tension-rods, ▲ A, B B, and the tie-rod o ; then follow the its reward* 

purline, and the rest of the roof, as riiown in the example. The Li drawing the ends of the purlins, for instanoe, ilie greatest 
oonstruotion at the apex haji been shown in Fig. 71, and thit^ osre mnst be taken that they are all one size, and that the 
is to be followed in the complete drawing. The nuts at the ends spaces between them are equal. This will be best acoomp^hed 
of the rafters, too, are to bo copied from Fig. 72. by using two pairs of dividers, the one to be kept to the width. 

The stndent is again urged to aim at absolute accuracy snd of the purlins, and the other for the spaoes. This^ will 
refinement in his woxk, and it warned that unless he is very the inaccuracy caused by frequently ehanging ^e size held in* 
oareful in the elemcxtuy operations the drawing will be a tlm instrument, and will be by fev the more rapid plan. 
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VEGETABLE OOMMEHOIAL PEODUCTa— V, 

V« FlfUffTS USEFUL IN THN FBNPAXt^TlON OF NUTBXTIOUS 
▲ND 8TXXUX*4TINa BFyXBAaXS. 

Tki*Piant {Thea vtridis, L., and Thea bohea, Z.; natnral 
order, Camellioeea). — ^Theee two apeoies are probably only 
varieties c€ the aanie plant. Native region, China and Japan. 

The tea-plant la an evergreen shrab which attaina in a state 
of nature & height of from twenty-five to thirty feet, but under 
cultivation seldom exceeds five or six feet in height, owing to 
the removal of its foliage by the oultivator. The leaves are 
alternate, short-petioled, smooth, shining, ovate-oblong, stiff 
and ooxiaoeous, and slightly dentate. 

All the numerous varieties of tea known in commerce are 
referable to one or other of the two grand divisions of green 
and black tea. Both are most undoubtedly produced by the 
same plant, the difference in their colour resulting simply from 
a difference in their mode of preparation. 

The green teas comprise Twankay, so called after the name 
of a stream in Ohe-kiang, where this sort is produced ; Hyson, 
or, in Chinese, yu^isien, meaning ** before the rains," in allu- 
sion to the time of gathering ; Gunpowder, or ma-chu, hemp- 
pearl," referring to the peculiar globular form into which the 
leaves are twisted ; Imperial — ^the finest kind of green tea — so 
named because it is only used by the emperor and the man- 
darins : this tea consists of the smallest and most tender light- 
green leaves of the first gathering ; it is not easily obtained in 
Europe in the pure state. 

The black teis include Bohea, named with reference to the 
range of the Bu-i hills, whore it is grown ; Congou, or koong- 
foo, signifying labour or assiduity ; Souchong, or siau-chung, 
meaning small or sooroe sort ; and Pekoe, or pe-kow, ** white 
hairs," in allusion to the down on the epidermis of the young 
spring leaves. The two last are the finest and most expensive 
of the black teas. 

The preparation of green tea may be described in general 
toims as follows : — The leaves are gathered from the shrub, and 
placed in bamboo baskets ; they are then put into shallow iron 
pans, placed over charcoal fires, and stirred continually and 
briskly, the rising steam being fanned away ; after this, they 
are removed from the pans, and whilst still flaccid with the 
contained moisture, are placed before the twisters, on a table 
made of split bamboo, and therefore presenting ridges; the 
twisters roll them over with their hands until twisted. The 
leaves are then spread out and exposed to the action of the air, 
and afterwords returned to the drying-pans, exposed there to 
additional heat, and kept continually stirred until the drying is 
complete, when they are picked, sifted, sorted, and so prepared 
for packing. Black tea is prepared in the same manner, with 
this difference, that the fresh leaves, as soon as collected, are 
thrown together into heaps, and allowed to lie until a slight 
degree of fermentation ensues, or a spontaneous heating, similar 
to that which takes place in a damp ^y-staok. This |}artial fer- 
mentation of the tea-leaves darkens their colour. All the black 
teas are grown in Fokien, a hilly and populous district about 
200 miles to the north-east of Canton. The green teas are raised 
in the district of Kiangfuan, about 750 miles from the same city. 

Owing to certain peculiarities in Chinese legislation, landed 
property is much subdivided, so that the tea is generally culti- 
vated in small gardens or plantations, the leaves being picked 
by the family of the cultivator. The first gathering takes place 
in early spring, in the month of April : pekoe and hyson arc 
made from this crop. It is scarcely over before the air becomes 
charged with moisture, rain falls, and this, combined with the 
warmth of the atmosphere, causes the tea-shrubs soon to put 
forth, in the mouth of May, the leaves of the second crop. A 
third gathering is made about the middle of June, and a fourth 
in August. The leaves of the first gathering are the most 
valuable, and from these the finest imperial and hyson, with 
pekoe and similar qualities of black teas, are prepared. The 
leaves of the last crop are large and old, and consequently 
make preparations very infmdor in flavour and value. 

During the harvest season, when the weather is dry, the 
Chinese may be seen in little family groups on every hillside, 
imgaged iu gathering the tea-leaves. They strip off the leaves 
with astoni^iiig rapidity, and throw them into small round 
fisdeets made for the purpose out of split bamboo or rattan. 
These baskets, when filled, are empried into larger ones, and 


hmoediaitely eonveyed to market, where a class ot.Chineie make 
it a business to ooUect them in large quantities, and partly 
manufaettire them, drying them under a shed- 

A second class, known as the tea-merohants, inmfiiasethe 
tea in this half-prepared state, and complete the manufacture, 
employing in the operation women and ohUdren. The tea-met^ 
ohants begin to arrive in Canton about the middle of October, 
and the l^y season oonrinues until the beginning of March, 
being at the height in November, December, ard January. The 
tea is brought to Canton either by land-oaoriage Or by inland 
navigation. The roads are too bad to admit of bMts of burden 
attached to wheeled vehicles, so that the land-carriage is usually 
effected by porters. 

In China tea is the common beverage of the people, being 
sold in the public-houses in every town, and along Ibe public 
roads, like b^ in England. It is quite common for travellers 
on foot to lay down their load, refresh themselves with a cup of 
warm tea, and then proceed on their journey. A Chinaman 
never drinks oold water, which he abhors and considers unholy; 
tea is his favourite drink from morning to night, not mixed 
with milk or sugar, but the essenoe of the herb itself, drawn 
out with pure water. The Chinese empire could hardly exist 
were it deprived of the tea-plant, so habituated are the people 
to its use ; and there is no doubt that it adds greatly to their 
health and comfort as a nation. 

The Japanese usually make tea by pouring lK)iling water on 
the leaves, after having first reduced them to powder. Neither 
the Chinese nor the Japanese use milk or sugar with tea ; and 
certainly the peculiar taste and aroma of the tea ore better 
appreciated without these additions. 

Tea is imported in chests always lined with thin sheet-lead, 
and with a paper which the Chinese manufacture from the liber 
or inner bark of the paper mulberry (Bi'oussonetia papijHfera, 
L.). It is silky in texture, straw-coloured, and made without 
size. When the tea is put into the boxes, it is pressed down 
first with the hand, and then with the feet, after which the 
boxes are nailed down and stamped with the name of the 
district-grower or manufacturer. 

The Chinese colour with Prussian blue the teas which they 
ship for the foreign market. Only a little of this dye is em- 
ployed, BO that its use is not productive of evil results ; still, 
the tea would bo better without it. The Chinese never dye the 
teas which they retain for their own use. The green teas of 
commerce are too often only black teas coloured with Prussian 
blue. Nevertheless, comparatively speaking, very little adultera- 
tion of tea is practised by the Chinese. A few leaves of the 
Camellia and of a speoies of Bhamnus or buckthorn indigenous 
! to China are found occasionally amongst the tea-leaves, but not 
I to any very great extent. The leaves of such British plants as 
I the beech, elm, willow, poplar, hawthorn, and sloe, are far 
more abundant, proving that the tea is adulterated after it has 
arrived in this country. The adulteration is easily detected 
by oomparing the leaves from the teapot with the genuine tea- 
leaf. Tea is also Adulterated with old exhausted tea-loaves, 
which are re-dried and used again. 

In 1886, 230,669,292 lbs. of tea were imported into the United 
Kingdom, of which quantity 178,909,881 lbs. were retained for 
home consumption ; iu the same year we exported 44,931,020 lbs. 
to foreign parts. 

The consumption of tea by the Chinese themselves is enor- 
lons. They drink four times as much as we do. With rich 
and poor of all that swarming population, tea — not such as cm* 
working dasses here drink, but fresh and strong, and with no 
second watering — aooompanies every meal. The population of 
China, aooording to an official oensus taken in 1826, was 
362,866,012, which is ten times greater than our present 
population. Thus the consnmptiou of tea in China must be 
foriy times greater than the consumption in this county. 
In addition to this there is a very heavy exportation in native 
vessels from China to all parts of the East where Chinese emi- 
grants are settled, such as Tonqnin, Cochin-China, Cambodia, 
Siam, the Philippines; Borneo, the settlements in the Straits of 
Malacca, California, and Australia. Iu comparison with such 
an enormous amount as this our own consumption sinks into 
insignificance. 

I The oaravan or Bussian teas are the best and most expensive 
|Of those used in Europe. They are brought overland from China 
by Bussiau merchants, who go there annually In oosavans, viA 



159 


OBTIOAIi INSTEUMSJNTS. 


Kialtbta. Tbet* OAcma toM, poxdktMad by th« irMlihkr i 
Boifiiua fiuniliei, vte preteawd io thoM thipped in Canton, 
wbifih are laid to datariorate in lome degree tlurongb tbe lea 
and from being atowed away in the narrow and oloM holda 
of tlin aewiela* 

by tiie Dnteh In WO, and 
ihef Indldva laiig^^ to the monopoly of the trade; Bat the 
BritSib Slit iadk Oompeay, entering tiie field ai a eompetitor, 
•con ifiifteiaed a lair it the b o ri i iei i . The edLe objeot of 
theeoaqwnyiM toproirideiealorthe Bngliahina^ olthie 
they had the endmiTe inonopoly until 1834, when the British 
Qownment paesed an Act whidi threw open the tea-tmde to 
all dt^^oied to engage in thia important branch of eommeroe. 

l^ormedy aU the tea ipeoeited in Bnrope wm enltiTated eiasln- 
eiydbr by Chineiie ; now the onltnxe of the teandimb k euo- 
oeaafoUy eaaried on in other oonntriei. 

&itali were the first to breelc the charm of the Chinese 
monopoly by introdnolng and onltirating the iea^plant in the 
rich and fertile kland of Java. Their fi^ experiment was so 
snooessfol that nnmerons tea-gardens were soon nnder onltiva- 
tion on the mountain range which nms through the oentrO of 
the kland, where the plant esoines the eooro^g heat the 
torrid sone, and finds a climate oy height, rather than by lati- 
tude, adapted to its nature. A considerable quantity of tea is 
now annually shipped from Java to Amsterdam. 

In 1810 an attempt was made to onltivate the tea-shrub in 
the Brazils, near Bio do Janeiro, and a oolony of Chinese were 
induced to settle there, and attend to the plantations. But the 
experiment did not succeed : the shrubs became diseased, and 
the Chinese formally abandoned them. Another effort made in 
the same country in 1817 was unsucoessful, owing to difficulties 
arising from climate, the high price of labour, and the natural 
indolence of the natives. The experiment, however, was tried 
once more, and thia time successfully, and tea culture is now 
prosecuted with energy in the Brazils, and with a commensurate 
amount of success. The Bio Janeiro market is entirely supplied 
with tea of domestio growth, and the public of Brazil are satis- 
fied that no plant is more profitable or deserving of attention. 

Tea is now cultivated in British India. Some years ago it 
was discovered that the tea-plant was indigenous to our Indian 
territory of Upper Assam. This plant, supposed to be a distinct 
species, has received the name of Thea aseamica. It is a more 
vigorous plant than the Chinese species, and has much larger 
leaves. It grows in the warm, moist valleys of the Himalaya 
mountains, the temperature and other conditions there being 
similar to the olroui^anoea nnder which the Chinese plant is 
raised. The Assam Tea Company was started, and several 
thousand acres were soon under cultivation in the district 
stretching from Kumaon to the hill tracts acquired from the 
Sikhs. The plants grown are chiefly those raised from Chinese 
seed, the remainder are the indigenous plants of the district. 
The seeds of the Chinese plant were obtained by Mr. Fortune in 
China in the summer of 1850, and by him planted in Wardian 
cases. They germinated during the voyage, and reached their 
final destination — ^the plantations of ibe Himalayas — ^in fine 
condition. About 14,000 plants were thus added to the Assam 
collection. Chinese tea-ourers have been induced to lettle in 
Assam, and both black and green tea are now manufactured 
from the Chinese and Assam plants. The latter produces a very 
strong tea, which answers well to mix with the low sorts of 
China tea, and k chiefly used for this purpose. Large cargoes 
of tea from Assam are continually being reoeiv^ in this 
country. Land suitable for the culture of tea exists amongst 
the Himalayas to an almost unlimited extent, and the quantity 
raked annually and exported mnat inoreaae as the plantatious 
are extended a^ mulriplied. 

OPTICAL rNSTRUMENTS.— IL 

By SxMtTXL Hichlst. 

TRB ABKOBViiL STB. 

Hayino described the charaoteristios of the perfect and healthy 
organ of vision, we have now to describe the deviations from 
^e normal eye, and those defects or diseases that require the 
optician’s aid for their oorreotion or alleviation. Between thirty 
and fifty years of age indioationa of natural decay in the perfect 
organ of right may be detected, and it will be found, as a rule, that 


whik distant objects are as distinctly dkoeniible as In yonth, it 
beoomea necessary to hold necw oh^tciM — snok as the newspaper, 
needlework, 6to.-^nrtiher fr<nn the eye than the person hs# 
hitherto been accustomed to do, especially in or gas light 

~~it k, in fact, becoming long-sighted. The average distance for 
distinct vision for near objeri<a in the normal eye is about ei|^t 
inches from the eye ; but on long-sightedneea setting inf near 
objects cannot be distinotly discerned till removed to a distance 
of fonr^n, sixteen, eighteen inohes, or further, from it. Thk 
defect is termed j)re§iyopia. The commencement and pre^presa 
of this deterioration of the normal eye depends upon how it 
has been used, and upon the health of tiie ix^ividnal. At thirty 
years of age some eyes are more defective than others are at 
fifty years, but the average period of the commencement of 
decay in the eye is about the forty-fifth year, and is first .indi* 
oatod by feeling the necessity of removing small type farther 
from the eye when reading by candle or gas light, and the con- 
sequent necessity for using spectaoles. This will be about a 
year before their assistance during daylight is recognised as 
absolutely essential for the comfort of the organs of vision. 

Presbyopia, it may be stated, is often accompanied by that 
^’weakness of sight*' termed amblyopia ; and the latter is some- 
times mistaken for the former, as the amblyopic person also 
cannot see small objects distinctly, and convex spectacles (as 
with presbyopia) improve his vision by affording larger retinal 
images ; but the purely presbyopic eye is free from amblyopia. 

About the age of fifty the far point, in the normal eye, alsa 
begins to recede somewhat, so that the eye then becomes slightly 
hypermetropic (or of the defective nature next desoribed), and 
with increasing years may become absolute, so that the patient 
is unable to aooommodate not only for divergent rays from near 
objeoti, but even for parallel rays from distant objects. 

Another shortcoming, which may be present In yonth, k 
where the eye, when in a state of rest, is incapable of brin^g 
the parallel rays emanating from distant objects to a dktinot 
focus on the retina, and can only do so by an effort of aooom- 
modation more or less considerable, according to the amount 
of defect, while no groat inconvenience may be experienced in 
regard to near objects, when reading, writing, sewing, etc. — ^in 
fact, may never be detected till age sends the person so affected 
to the optician or oculist, espeoi^ly if he has good accommo- 
dative powett when the defect is nnoonsoiously corrected with 
but slight effort. If, however, this dofect is absolute, vision will 
not bo perfect at any point. This is termed hypermetropia^ an 
affection which was little noticed, or not properly nnderst^d, 
until within the last few years. Another deviation from the 
normal eye (which has no connection with age, but is, as a rule, 
a natural, often hereditary defect from birth, though seldom dis- 
covered by the person so affected till the age of puberty, or till 
the commencement of earnest study, or occupation at some trade 
or profession involving the nse of the eye at its near point, or 
in other cases resulting from occupations tossing to the eyes) 
is short-sightedness y or myopia^ as it is professionally termed. 
In this cose persons can boo the very smallest object perfectly 
when brought unnaturally close to the eye, while large ones at 
a distance, or even a moderate distance, are involved in such 
haziness, that they would not be justified in swearing to the 
recognition of an accused person in a court of justice. 

AU eyes — the emmetropic,* hypermetropic, and myopic— 
, suffer change in the near point with the advent of old ago. The 
: eye is not adjusted at the same time for equally distant horkon- 
! tal and vertical objects, being greater for horizontal lines than 
vertical ones, which may be proved in the following manner : — 
Draw on paper two ink lines at right angles to each other, and 
place one horizontal. At the distance of distinct vision, this will 
appear black and sharp, while the other will be indktinot, as if 
drawn in paler ink ; adjust the eye for the vertical line, and the 
effect will be reversed. In some cases this difference in the 
curvature of the eye in two direetionB may become so great as 
to require optical correction by means of cylindrical lenses.” 
I This defect is termed astigmeatism, 

I Some persons (always affected with slight myopia) complain 
^ that alter reading for a short time without glasses, the letters 
j become confused, blurred, and appear to run into each other i 

* The presbyopic is olissed with the emmetropic eye, being in kot 
a normal eye defeotire through age and not by congenital maUcic- 
I mation. 
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pftin in the eye end eroimd tilie oil»it is experienoedr and, if 
persisted in, the eyes beoome red and watei^. Alter resting 
the eyes for a few mini]^, reading may be prooeeded with, bat 
on^ to entail a i^peedj return of the same train ol symptoms. 
If we request enoh « patient to look at oar own fore^ger, 
while we gradually apiwoaeh it towards his eye, we shall find 
that when it is within a distance of about six inohes, one eye 
beoomes a litl^ unsteady in its fixedness, and then gr^nally, 
snddenly, os spasmodically dennates outwards. Again, tl^ 
dsriation ooours even, perhaps, if the object be some feet 
distant, when we oover one eye, so as to exclude it from par* 
tioipat^g in the act of yision of the other. This outward 
deyiation indicates insuffioieney or weakness in the recti intemi 
muscles of the eyeball, which tends to the produotion of double 
images of the objects obserred (or what is professionally termed 
d^Zopta), which the patient intnitiyely suppresses, uzdess the 
object be brought too near to the eye. If such a person 
persists in employing the eye on near objects, the affect^ eye 
moyes outwards and produoes a permanent divergent squint 
(airahismus)^ in which case the patient again suppresses the 
image of the squinting eye, to avoid the production of diplopia, 
which leads to more or less of that ** weakness of sight’* of the 
affected eye termed cbathenopia. By the judicious selection 
and employment of prisms of suitable refractive power, this 
weakness of ^e muscles, if attacked in the early stages^ may be , 
oared, and thus the surgical operation of tenotomy may bo : 
avoided. Such prisms must bo weak at first, and then bo 


gi^ually increased in power. The prism must be placed with 
the base outwards before the affected eye, so that the rays from 
a candle, placed about eight inches distant, may fall upon a 
portion of the retina slightly to the outer side of what is known 
as the yellow spot (fovea centralis). To avoid the produotion 
of double imi^es arising from this, the eye will instinctivoly 
move inwards, in order to bring the rays exactly upon the 
yellow spot. During these exercises of the internal rectus, 
short-sighted eyes must be furnished with concave spectacles, 
so that the object may be distinotly seen. This mode of treat- 
ment requires great patience on the part of oculist and patient. 

Oculists classify eyes according to their diopterio charac- 
teristics when tested for their furthest point of distinct viaiem, 
and fonr kinds may be specified : — 

1. The Normal^ or Emmetropic Eye, in which, when in a 
state of rest, parallel rays are brought to a focus on the retina, 
as shown at i (Fig. 2, page 111). 

2. Freabyopie, or Long-sighied Eye (aged emmetropic), 
in which, through the loss of aooommodative power, caused 
partly by the wakening of the oiliaay muscles, partly by the 
harde^g and discolouration of the crystalline lens,* and the 
flattening of the cornea, the faculty of bringing near <^ecU to - 
a foous on the retina is lost, nxdess the object bo removed to an 1 

A A 1 # . • ■ 1 A * 

, . , . _ . „ ^ , m a state of , 

r^, is capable of bringing parallel ray$ omimating from a i 
distant object to a focus on the retina, and so far is a normal | 

• The ovystalline lens is as transparent as water till abont the 
twsntr-fifth dr tWrtietii year, when it begins to he slightly tinged with 
yellow towards its oentm, which yety gradually extendi towards the 
satfiioe, and heoomet deeper and deeper in tint, tUl in extreme old 

sge it may resemble a piece of yellow amber. 


eye stiU, wdiila the converging myt fsen ow object come ^ 
a focus behind the retina, as 8h<^n in Fig. 6^ defeot is 
remedied by holding the object at a dis t an c e from the eye, ao as 
to lessen tiie Aivergenoe of its rays, or by placing a oeuyex len» 


before the eye, so as to help it to produce the necessary oonvoc 
genoe, as shown by the dotted lines in Fig. 7. 

3. The Hypermetropic, or Overweighted Eye (h/yperpreahyopic^ 
or hyperopic), which is adjusted for convergent rays, but in 
which parallel rays are brought to a focus behwd the retvnof 
when the eye is in a state of rest, as shown in Fig. 8. Thia 
results from the length of the axis being too short — in other 
words, the retina being too near the oomea — or through the 
refracting surfaces of the eye being slightly flattened, or both 
causes may be oo-existont. In either instance the refracting 
part of the organ of vision is incapable of converging parallel 
i-ays from a distant object, so as to bring thorn to a focus on the 
retina. The hypermetropic eye may be diagnosed by its peculiar 
shape, as it appears flatter and shorter than the normal eye, 
and it does not All out the aperture of the lid, a little pouch 
being loft between the eyeball and lid. 

Hypermetropia is remedied by placing a convex lens before* 
the eye, so as to help it to produce the necessary convergence of 
the parallel rays, and bring thorn to a focus on the retina, as. 
shown by the lines (Fig. 9). 

4. The Myopic, or Short-aighted Eye (hrachymetropic), which,, 
when in a state of rest, is adjusted for divergent rays, and 
wlierein parallel rays are, even when the eye aooommodatos 
itself for its farthest point, brought to a focus before the retina, 
as shown in Fig. 10, so that distinct images are formed on the> 


retina only when the rays emanating from suon object fall upon 
the eye di' ergently 

This results from the axis of the eye being too long, or the 
curvature of the refracting surfaces being too great. This 
defeot is remedied by holding the objeot very cdose to the 
so as to increase tlto divergonoa of its rs^, or by plaoing m 
oonoavs lens before the eys» so as to produoe ths neosssaiy 
divergence, as shown by the dotted lines (Fig. 11). 
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POETIFIOATION.— Ill 

BT AH OVFIOSB OF THX BOtAL BKOINBBB8. 

PBOFtLBS OV HASTY AND IBBXGULAE DSFENCEa 
Taa defltraotiTe effects of rifled arms render it absolutely 
necessary iiiat ooTer of some kind should be rapidly provided 
for the troGps aotinir on the defensiTe, and it must often 
happen thiat a rsgidar profile cannot be given to works only 
intended for the temporary occupation of a field of battle. 

Advantage must then be taken of all such materials oxisld^ 
on the spot (walls, hedges, etc.), as are capable of being readily 
convert^ Into parapets ; and where no 
such materials exist, cover must be ob« 
tained by means oi what are called 
Shelter Trenches (Fig. 15). The object 
of these is to seonre for the defenders, 
by a small amount of labour, consider- 
able protection whilst firing (as may be 



accurately with the blades of their shovels, which are about i 
foot in length. Care must be taken ihat after the parapet has 
been raised to a li^ht of 1 foot 6 inches, the addition^ earth 
is not allowed to increase this height, as it would then be too 
high to be fired over by men kneeling, in the trench. In rear at 
each company, short trenches will be dug for the officers and non* 
oommissioned officers (Fig. 17), who wiU then be in theiwright 
places for superintending the firing, and only so far baok tram 
the line, that when the main trench is completed, their own 
parapet shall not be interfered with. 

As will be seen in the accompanying outs, the men in these 
trenches are much less exposed than 
those in the open, and as they are 
absolutely out of sight when lying 
down and not actually engaged, many 
lives must be saved by the cover they 
afford; at the same time the propor- 
tion of fatal wounds to the total 



seen by comparing the men shown in the open in the figure and 
those in the trench) ; and, at the same time, not to obstruct ‘^eir 
rapid advance when the moment for a forward movement arrives. 
The method of exeonting them is as follows : — ^As soon as a 
regiment arrives on to ground it is intended to defend, one 
rank is extended as a line of workmen, at six feet intervals 
from one another. In the first instance, a continuous trench 
1 foot 3 inches deep, and 2 feet broad, is dug, the earth being 
thrown in front to form a parapet 1 foot 8 inchw high. ThU 
trench can be excavated In from ten to twenty minutes, and is 
then capable of giving cover to one rank kneeling in it, and to 
a rear rank lying down on tbe ground behind (Fig. 16). 

If more “ feitnA is available, tbe trench is then gradually widened 
until it is 7 feet broad, when it is wide enough to allow of the 
men lying down iu it, and being perfectly hidden until required 
to flire (Rg. 17). 

As soon as it is 4 feet wide, there is room for both ranks 
kneeling. Ko tracing orspooiid measurements are necessary 
for this work ; for if the men are placed in line, two full paces 
apart, they oan meaiorc to depth and breadth sufficiently 
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18 . 



SCALB 


SCALE 5 ^. Fig. 23 . 



number of men hit must be larger than before, since the 
men’s heads are almost the only parts exposed. This was 
noticed in some of the battles in France during to Franco- 
German war, where trenches of this description were employed. 
In woods, where large trees can be easily obtained, parapets may 
be formed by felling to trees, and, after removing to bmuobes, 
laying them lengthways one above another, as represented in 
Fig. 18. If shovels are available, a small trench should be 
excavated, and to earth thrown over the logs. A very service- 
able parapet may thus be readily formed, as to orest, which 
is usually the weak part of all ea^en parapets, is in this case 
quite brdlet-proof. 

The entrenchments used by to BCaories or New Zealanders 
are worthy of notioe, botti on account of their being somewhat 
different from the ordinary profile, and also because the sama 
method may be advantageously applied in oases where It is 
desirable to defend a hill-side with several rows of men in 
shelter trenches, one behind the other. Their pahs, or ^ 
trenched positione, were generally admirably chosen on to 
slopes of hills, inaoceisible or oiffloult of approach, and to 
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ground most liable to attack thorouglily wdl swept hy thdr 
fire. These works genenJly oonsistod 6f an irregular line of 
deep rifle-pits, as represent^ in Figs. 19a, 20a, placed oloae 
to one another, connected either by a trench (6) or a small 
underground passage, and the earth being thrown up hehind 
the trench instead of in front, as is usu^ly the case. This 
mound served the double purpose of aifordhig cover to their 
huts and dwelling-placeB, and, if necessary, could be manned 
to bring a second line of Are to bear on the attack. The 
men in the pits, firing at the level of the grounA were very 
little exposed, besides which the narrowness of the pits and 
their irregular outline made it difficult to dislodge the defenders 
by the fire of shells. The front was usually protected by a 
stout palisade, or post-and-rail fence, on which a screen of 
flax was hung (c) — ^the former as an obstacle to prevent the 
assailahts closing with the men in the pita, who were hidden 
from view by the screen, and were able to ffie under it close 
along the ground. Some of the pits were partially roofed in 
and lined with fern to serve as sleeping-places, as may be seen 
from the enlarged section through rifle-pit in Fig. 20. An inte- 
resting detailed account of these may be found in Yols. VI. and 
XI V. of the Professional Papers of the Boyal Engineers.** 

Stockades are formidable parapets constructed entirely of 
wood in situations not exposed to artillery fire. They are so 
high as to necessitate the use of ladders to get over them, and 
being bullet-proof and loopholed are troublesome to attack, as 
unless they can be approached by surprise, many casualties 
must occur in attempting either to escalade them, or to blow 
them in with gunpowder. 

Stockades are the typo of work usually met with in wars 
with uncivilised nations who do not possess artillery, such as 
the tribes on our Indian frontiers, etc. One of these 
works in Bhootan proved a very formidable obstacle, formed of 
long bamboos fin^y lashed together, and was not demolished 
by the explosion of 60 lb. of powder placed in a bag against its 
foot. Ordinary stockades consist of a row of upright timbers 
12 or 14 inches in diameter, and from 10 to 15 feet in length, 
placed touching one another, with their butt ends buried in a 
trench 8 or 4 feet deep. These logs are kept together by being 
spiked to two rails, or cross-pieces, near the top and bottom of 
^e logs on the inside (Fig. 21). 

To increase the difficulty of getting over them, their tops 
should be pointed, and where they come in contact the logs 
should be squared, by having slabs out off each side. 

If this cannot be done, smaller logs should be placed in front 
and in rear, to strengthen the weak points between the large 
timbers. 

The larger the logs are the better, both on account of the 
^eater security they afford, and also because they are not so 
liable to be dangerously weakened by cutting a loophole through 
them. This is generally managed by cutting a notch equal to 
half a loophole out of each of two adjacent logs, and placing 
them together. 

As the usual method of demolishing a stockade is by explod- 
ing bags of powder placed against them, . it is desirable to 
prevent this as far as possible, by digging a ditch in front, and 
piling the earth at a steep slope against the stockade on the out- 
side. This should generally be done, unless the lower portion 
of the stockade requires to bo loopholed so as to allow of a 
second tier of musketry fire, when a temporary platform or 

banquette** must be erected inside to enable one row of men to 
fire over it, while another rank stand in a trench at the first of 
the tubers, and fire through close to the ground level (Fig. 22). 

With regard to loopholes generally, it will be well to re- 
member that they should invariably be made at a level either 
too high or too low for the enemy to use for firing into the 
work from the outside ; and, at the same time, they must be at 
ft convenient height on the inside for use by the defenders. 
About 15 feet of ordinary stockade work can be constructed by 
ft party of eight men in eight hours. This does not include 
cutting down, or bringing the timber to the spot. Strong 
hedges afford excellent defensive obstaolos, and are capable of 
being converted with little trouble into good parapets. 

When ft hedge is less than 6 feet high, a ditch should be dug, 
and the earth thrown over to the other side to form a parapet, 
as the hedge is then utilised as an obstacle, and also as a 
revetment to the earth behind (Fig. 23a). This method gives the 
men firing over the hedge a command over their assailants. 


When time presses, and the hedge is high and strong enough 
to form a good obstacle, a slight trenoh with tibe eartii piled 
against the hedge will suffice to obtain cover. A amsll ditch 
(Fig. 286) should be added outside to keep the enemy from olosing 
with the breastwork. In some instant it will be better to 
make the trench deeper, and having out away the lower brancihes, 
to fire close to the ground (Fig. 2dc). Hedges intended as 
obstaoleB may bo very muoh sl^ngthen^, and made diffioult to 
out down, by having tiuok iron wire run through them and 
made fast to the largest trees in the hedge. As It is the ex- 
ception to find hedges without some sort of bank or ditch <m one 
side of them, the excavations that have been indicated in these 
diagrams wiU generally require very slight work to complete, 
and consequently this species of d^enoe may be very rapidly 
prepared. 

Walls of moderate thickness may be rendered defensible by 
either breaking loopholes through them at the required levelSf 
or cutting openings down from the top, oare being taken that 
the waU is not too much weakened by this treatment, and that 
the enemy is prevented from closing with the loopholes from 
outside. 

On level ground, walla under four feet high are useless, as 
parapets, but may be of service as a parthd revetment to 
earthen ones thrown up in front of them (Fig. 24). 

Low walls, under 7 feet high, require ‘^t a ditch and a 
trenoh should be dug in order to obtain sufficient cover. High 
walla may bo arranged for two tiers of musketry fire, in the 
samo way as has been deaoribed for a stookade (Fig. 25). 

In the hasty defence of villages and towns, rough barricades 
formed of carts, furniture, eto., may be employed both as 
obstacles and parapets. No rules can be laid down for their 
construction, except that they should be placed at points whore 
their fire con be assisted from loopholes in adjacent buildings, 
and where artillery fire cannot be brought to bear on them 
from a distance. Four-wheelod carts filled with stones, earth, 
etc., would form a good commencement for a barricade if drawn 
up in a line across a street, and their hind wheels taken off. 
Behind these, logs of wood, sacks filled with coals, barrels, etc., 
would be accumulated until a sufficient parapet and banquette 
had been formed; a pile of broken wheelbarrows, furniture, 
etc., being arranged in front as an obstaole, but so as not to 
afford cover. 


TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

IV.— IMPOETANCE OP DEAWING— NEED OF TECHNICAL 
EDUCATION POE MANAGBES. 

J3T SIR PHILIP HAGNT7B. 

AET INDUSTEIES (continued), 

Ik the designing of patterns for textile fabrics, such as fancy 
flannels, trouserings, damasks, ourtams, oari>dts,eto., and equally 
for printed goods, whether the material be cotton, linen, or paper, 
a knowledge of technical art is much needed. • Indeed, as 
mechanical contrivances can only approach to the versatile and 
varied oapabilities of human labour, special technical know- 
ledge is more needed for designing patterns to be executed 
by machines than for those intended to be worked by hand. 
Thus, in calioo- printing, a trade extensively carried on in 
Manchester and in Mnlhouse, the designer must not only be 
familiar with the kind of patterns that will suit his material, 
and that will be adapted to his market, but he must also under- 
stand the capabilities of the machinery which will produce those 
patterns. He is not free to select every hue and colour from 
the spectrum that may suit his purpose, as the ordinary cfftist 
can do, but he must know how to produce the maximum of 
effect with the minimum of shades, seeing that every additional 
colour involves additional expense. Even in the process of 
block printing, by which the best designs are still obtained, 
this teohnioal knowledge is required ; but it is still more neces- 
sary in maohine-roller printing, the method generally adopted 
in the manufacture of printed goods. 

In this particular branch of trade, English mannfftoturers still 
depend very muoh upon foreign help in the prodnetion of designs ; 
but every year the importation oi patteros, which are chiefly 
French, is likely to decrease. In many other industries, 
notably in laoe m ann f actoie, in carpets, in metal-work, the 
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dedgnt of EsjiHth ftrtitts are chiefly used by English mann- 
factnrere, aind natrre deeignen are engaged by firms which, 
a few years since, employed for^gners almost exolnsively. 
ha Nottingham the designing of the patterns is now almost 
wholly in the hands of Englishmen ; in some of the largest 
works at Birmingham, English artiets are generally employed 
in the place of foreigners; and not only are English designs 
used in preference to others for carpets and furniture hangings, 
but the goods of this description manufactured at Glasgow are 
largely exported to France, Germany, and other parts of 
Europe, as well as to the United Stetes. This result is 
due to the dissemination of art teaching among artisans, 
mainly through the action of the Science and Art Department 
at South Kensiagton. Much, howerer, remains to be done in the 
way of making art instruction more general than it is at present, 
also in making it more subservient to trade purposes, and in 
specialising the instruction in particular localities, with a 
view to the necessities of the staple industries of the district. 
In our review of foreign schools we shall see to what extent 
this is done abroad, and also what facilities are afforded in 
these schools for obtaining a practical knowledge of the 
technique of different trades. 

Although considerable progress has been made of late 
years in this country in applying art to trade purposes, we 
may expect that the progress will be still more marked when 
drawring is more generally taught in our public elementary 
schools. Hitherto the teaching of this subject has been 
neglected. From the published official returns of schools 
in which drawring is taught, it appears that in the year 
1886, out of 19,022 schools in England and Wales, drawing w&h 
taught in not more than 4,446; and that out of ^ 2,922,351 
children, between the a^s of 7 and 13, receiving instruction 
in these schools, drawing was taught to not more than 
870,491. It appears, therefore, that of all the children over 
7 years of age who are being educated in the State-aided 
elementary schools, more than two millions, or about 
70 per cent, of the total number, receive no instruction 
in that subject which, throughout Europe and the United 
States, is justly regarded as the basis of a sound technical 
education. 

Now, considering that there is no period in life when the 
hand and eye can be so well trained to work in harmony as 
during early childhood, greater attention should be given 
to the teaching of drawing than has been hitherto devoted 
to it in this country, ^e advantage of teaching draw- 
ing generally to all children is that designers wrill ^ more 
easily selected from among the artisans engaged in that 
particular trade for which they have to provide designs, and 
consequently they will be better able to appreciate the require- 
ments of the material to which their designs have to be applied 
than those who, having been trained as artists and failed as 
such, subsequently seek employment as trade designers. 

TBOHNIOAIi aDXTCATION FOB MA8TEBS AIO) EMPLOTEBS. 

Thus far we have spoken of technical education in res^t to 
the requirements of artisans in manufacturing works in the 
various branches of the building trade and in art industries. 
We now come to say a few words on the education of masters, 
princip^, imd superintendents of works. 

Nothing impresses one more strongly, in passing through 
English and foreign manufacturing works, than the superior 
technical knowledge of the French or German mill-owner or 
manufacturing chemist, as compared with his English com- 
petitor. This arises from the fact that abroad there are special 
schools for the training of persons who expect to be occupied 
with productive industry, in which they receive that kind of 
education which best fits them for understanding all the duties 

^ke work in which they are to be engaged. In these ^ools, 
which in Germany are known as Technical Universities, the 
you^ man learns tite principles of chemistry, physios, and 
meoh^os; he acquires a sound and practical knowledge of 
and drawing ; he obtains a considerable 
lamiUarity with two foreign languages ; he gains a knowledge 
of indnstrial geography, of political economy, and of the teoh- 
trade he intends to follow. 

This advanced education, which he continues until he reaches 
™ of 21 or 22, not only enables him to make the best use 
Of the training he receives in the works themselves when he 


enters them, but gives him habits of observation and reflection, 
which direct his attention to the consideration of important 
matters of detail, upon the due appreciation of which the success 
of a manufacturing industry often depends. Besides this, he 
learns to make use of the experience of others, readily to 
adopt improvements in machinery and in processes of manu- 
facture, and to apply new scientific discoveries to the purposes 
of his own trade, and, above all, the importance of thoroughly 
understanding every detail of his work and the conditions of 
production in hie own and in foreign countries. 

It is sometimes thought that &ie education is carried too 
far in foreign schools, '^at young men are kept too long from 
the experiences of actual and real work, which they can obtain 
only in the engineer's office, in the mechanic’s shop, or in the 
mill. But against this view it must be pointed out that one’s 
entire life is a school of experience, and that one seldom enters it 
too late to profit by it, whilst theoretical instruotion can be ob- 
tained in youth alone. What is true of other professions is doubt- 
less true of engineering, architecture, or manufacturing industry. 
The professional education of the soldier, the lawyer, or the 
physician is protracted to the age of 21 or 22, and no one doubts 
the advantage of this thorough training. The education whi<di 
men intended for these professions have now for some time re- 
ceived has been ** technical ” in the true sense of the term. It 
has been practical and theoretical. It has had for its object 
the training of the man with strict reference to his career. 
The student of a military college combines theoretical instruotion 
with practice intended to afford him an insight into the actual 
work he would have to direct in a battle or a siege. Bo, too, the 
medical student has to make himself acquainted with the funda- 
mental principles of chemistry, physiolog^y, and soology, that 
he may be able to trace to their ultimate causes the phenomena 
he meets with in actual practice, and in order that he may be 
able to explain new combinations of oircumstanoes which no 
mere empirical knowledge could have led him to foresee. In 
this country, it is only of late years that it has been necessary 
for the lawyer to receive a truly technical education before com- 
mencing to practise. But now-a-days no one thinks of com- 
plaining that the period of preliminary study is too long. It is 
not many years ago, however, that we were told that tltore was 
no training school so good as actual experience, and the sooner 
a man oast aside his books and commenced work the better. 
But the application of science to military and naval warfare 
has rendered a thorough technical education absolutely neces- 
sary for the training of an efficient officer ; and I suppose no 
one would now suggest that the doctor’s apprentice, by mixing 
drugs and by ocoasionally assisting his master in his operations, 
would obtain the same advantages as the medical student can 
gain by attendance at the science schools and wards of a 
London hospital. 

On the Continent, it has long been recognised that the same 
kind of education which best fits a man to become a surgeon, 
physician, or a soldier is applicable to the training of those 
who are to occupy the higher posts in engineering works or in 
mmiufacturing industry. It is quite true that in many cases 
men rise to ^e top of their profession who have received, as 
youths, a very inadequate preliminary education ; and it may be 
equally true that education tends in some oases to impede the 
development of native genius. But arguments of this kind tell 
against all kinds of education, and not more so against the 
technical instruction of the mannfacturing chemist ihan of the 
physician or military engineer. Abroad, the similarity of the 
oases is fully acknowledged, and the Polytechnic schools of 
Germany and Switzerland, and the Eoole Centrale of Paris, ore 
expressly intended to provide this higher education for those 
who have the time and the means to avail themselves of it. 

In England, only recently have efforts been made to add to 
our colleges or higher schools sneoial departments for the tech- 
nical instruction of persons who are intended to occupy superior 
posts in indnstrial works. To the literary and purely scientific 
education which those institutions originally afforded have 
been added schools of practical and applied science, laboratories, 
drawing offices, and machine shops, and in many places this 
technical side of our colleges is becoming the more important. 
In this way, on a small scale, schools corresponding somewhat 
to the Polytechnic schools of the continent have been gradually 
growing up in connoction with our higher colleges. This 
gradual growth of a teohnioal side to colleges affiliated to the 
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TTnivewitiee is peculiar to this country ; and the assooia^on ' 
of. these educational institutions with the older Universities 
prevents us, at first, from seeing that many provincial colleges 
are in reality schools similar in character to some of the 
technical schools of the Continent, with the addition of oli^oal 
and literary courses. Nothing, perhaps, is more indioatiye of 
the ehange that has taken place in our views of what higher 
education ought to be than the fact that institutions like the 
Firth College, Sheffield, and University College, Nottingh^, 
which owed their existence to the system of university extension, 
should have added to their courses a technical side, which is 
very likely before long to affect the general character of thesa 
institutions. University teaching proper has made of late years 
less progress in this country than is generally supposed, whereas 
the extension of technical instruction has been very considerable, 
and has brought us within measurable distance of foreigners in 
the opportunities these schools affbrd for the more advanced 
technical education. 

On the Continent, trade and oomxneroe owe much to the liigher 
education of the captains and superior officers of the various 
crafts. In industnes, the development and success of which 
depend upon the application of science, the results achieved 
by foreign manufacturers are much more due to the training of 
the masters than of the men. In their knowledge of chemistry, 
the Germans and Swiss are undoubtedly ahead of us, and they 
have utilised this knowledge in the establishing of important 
industries abroad, which might equally well have flourished in 
this country. Of this no more oonspicuous example can be 
quoted than the manufacture of artificial colouring mat- 
ters. The production of t^ese substanoes from what were 
once considered the waste products of gasworks, requires the 
application of the highest knowledge of organic chemistry ; and 
so snooessfully has this knowledge been applied to the manu- 
facture of these substances, that, whilst the raw product is 
generally exported from this country, it is manufactured in 
Germany and Switzerland, which countries are thus benefited 
by an important industry. 

The knowledge of chemistry, which the Germans especially 
have shown themselves so well able to apply, has not been 
acquired exclusively in any technical school. The Polytechnic 
schools of Germany are well supplied with costly laboratories, 
replete with every possible convenience. But it is not in these 
alone that German chemists have been trained. Chemistry has 
for many years been regarded as a subject of university educa- 
tion. To the general establishment of laboratories Liebig gave 
the first impulse. In nearly every German university the 
chemical laboratory occupies as prominent a position as in the 
Polytechnic schools. In Munich the university laboratoiy is 
in every respect superior to that of the Polytechnic in the same 
oity ; and in the new University at Strasbourg, a separate 
building is devoted to the teaching of chemistry. 

In the Universities of Germany many of the chemists have 
been trained who have done so much towards developing 
chemical industries in that country ; and this development is 
certainly due rather to the higher training of the masters and 
managers than to the superior education of the men employed 
in the works. A chemiced factory in Germany may be regarded 
as a laboratory on a very large scale, every part of which is 
presided over by an efficient chemist ; and it is to the super- 
vising care of these sub-managers, and to the frequent 
improvements they introduce, that the success of the German 
manufacturers is mainly due. 


PROJECTION.— YIII. 

SECTIONS OP CONES AND PENETEATIONS OP SOLIDS. 
thb parabola. 

Ip a cone be cut oy % vlano parallel to one of the sides of the 
triangle which forma its elevation, the section is called a 
parabola. 

Fig. 95. — To draw the parabola which shall he ths true aha^e 
of the section of the cone a. bc, on the line d b, which is parallel 
to 0 B. 

Divide E D into any number of parts, in p o h, and through 
these points draw lines parallel to the base, meeti^ the sides of 
the triangle in /, g, h, i on each side. Now it wiU be evident that 
all sections of a right cone which are pan^el to the base must 


be ciroles; and therefore, as the base* A B of the elevation is 
represented in the plan by the oirole Af B^ the line f f in, tha 
elevation will be represented by the oirole f in the plan ; and 
similarly, the lines g and h in the elevation become the oirolea 
g and h in the plan. 

From B in the elevation draw a perpendicular, which, passing 
through the plan, will give the line b' s'. This is the line where 
the section-plane, entering the cone at D, will out the base. A 
perpendicular dropped from d will mark on the diameter the 
plan of the top of the section — viz., d'. 

An additional point, i, has been inserted between H and D, in 
order to gain more points for tracing the curve. This point is 
to be worked similarly to the others. 

It has been shown that the section-plane outs the elevations 
of ciroles f ghimvQKiy and therefore perpendiculars dropped 
from these points to out the plans of these oiroles, will give the 
points /, gr, A, i in the plan. The curve drawn through these 
points, together with the straight line b' i/, forms the pl<m of 
the parabola, being the view of the slanting surface B D as seen 
from a point of view immediately over the oone. 

To draw the true shape of the section, draw a line p” b" 
parallel to d e, and from d, b, f, g, h, i draw Hnes at right 
angles to d b, passing through d" b" in r', g', h', i'. On each 
side of these points, mark on the lines drawn through them the 
distanoes which the points b', b\ /, gf, h in the plan are from the 
diameter a b — ^viz., /, g, h. Through these points draw the 
curve, which will be the true parabola formed by the plane 
cutting the oone in the line d b. 

THE HTBBBBOLA. 

Fig. 96. — When a cone is out by a plane which is parallel to 
the axis, the section is called the h/yperhola. 

In this ease the object of the lesson is to find the true section 
of the cone, caused by a plane, of which d E is the edge elevation, 
cutting it parallel to the axis. Rotate the oone on its axis so 
that the section shall face the spectator, in which position (Fig. 
97) it will evidently be parallel to the vertical plane. Now from 
c in the plan, draw any number of circles, cutting the lino e e in 
fy g, h. The diameters of these oiroles will be marked by the 
points fy g*y h'. From these draw perpendiculars cutting the 
side of the oone ; and the lines g"y h” drawn parallel to the 
base will give their elevations. Now from the points in the 
plan whore the section-line cuts the oiroles — viz., points /, g, h — 
draw perpendiculars cutting the lines g", h” in /, g, and A; 
then from d (Fig. 96) draw a line to out lie axis in d', and 
perpendiculars from e' e' to out the base of the elevation in. e e. 
The curve drawn through all these points trill be the required 
hyperbola. 

THE PENETRATION OF SOLIDS. 

When one solid meets another it is said to penetrate it, and 
the development of the form generated at the intersection of 
the bodies is a study of the utmost importance to artisans. 
The lessons %e are now giving on this subject commence with 
those of the most elementary character, and advance by very 
gradual stages. Only fundamental principles are, however, 
developed, in order to prepare the student for the advanced 
studies which will be given in subsequent lessons adapted to 
the respective branches of industiy. 

Fig. 98 represents the plan and deration of a square prism 
penetrated by another of smaller size, their axes* being at 
right angles to each other, and two of their faces being parallel. 
The figure at this stage is so simple that it requires but little 
explanation. The points not visible in the present view, owing 
to their lying exactly beyond others, are marked with letters 
oorrespon^ng to those on the points which are in front of them, 
with the addition of a dash ('), and the points themselves will 
become visible in Fig. 99, where the object is rotated. 

Fig. 99. — ^Plaoe the plan at any angle (as required). The 
projection will then be accomplished, as in previous figures, by 
drawing perpendioulara from the points in ^e plan, and inter- 
secting them by horizontals from the corresponding points in 
the elevation. Points g and R will mark the line of penetra- 
tion — that is, the line at which the smaller prism enters the 
larger. 

Fig. 100 is the development. The widths of the sides being 
equal to A B, and the length to the height of larger prism, 
the 'Squares represent the cavities through which the smaller 


* Asm, plural of oris. 
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pricim would pm 
if tho develop- 
ment were fold^ 
into a square 
form. 

Fig. 101 repre- 
sents the plan 
and elevation of 
a square prism 
penetrated by a 
smaller one, when 
the axis of the 
latter is at an 
angle to that of 
the former. The 
student who has A 
followed the 
lessons to this 
point will find no 
liffioulty in pro- 
jeoting the plan . 
from the eleva- ^ 
tion, and by tam- 






ing the plan, to 
project the view 
given in Fig. 102. 
The objeot, how- 
ever, of the lesson 
is to show that, 
although the 
penetrating prism 
is square^ • the 
opening through 
which it is to 
pass, and which it 
is to Jill up, is an 
oblong. The 
reason of this is, 
that although the 
width of the prism 
from E to F is not 
altered by being 
placed obliquely, 
the line A B across 
the side c d is 
longer than B f. 
Therefore, having 
developed the sur- 
face of the larger 
prism (Fig. 103), 
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laLECTRICAIi ENOmEERINO.— vn. 

BT IDWIKB k, 6*KXmM^ B.B., A.S.T.B., 

X^tinonftnitor ia BlMtsioiS City and Cnilda of Londoa 

Tiohniaii /CfaMagn, Finabory. 

FBCBCABT BATTSBIBS. 

BMOBTAKOa TSt BATTBBZBS. 

Waair m dumnt tlowa throng^ a roltaio call, ilie atiaiigUi 
of that onvrant (or tha qnantil^ of eleotrioity generAtod hy the 
cell in any time) depends upon two things. It depends npon 
the prseanre with whioh it is foroed throngh the oell, or, in 
other wordsi npon the eleotro-motiYe force and it also 

depends npon the resMtoncs whioh is opposed to the flow of 
the onrrent. 

Betoming to the water analog, let ns consider how the 
quantity of water which would flow in a giren time from the 
higher to the lower reservoir would be footed by the oon- 
duotor throngh whioh the water flowed. If the reservoirs were 
connected by a short, straight, smooth pipe of very large 
diameter, there wonld be a very large flow of water ; but if they 
were connected by a very long, rough, narrow pipe with many 
sharp bends, it is dear that though the water would be foroed 
through this pipe with the same pressure as through the thick 
one, the quantity whioh wonld manage to pass throngh would 
be oondderably diminished; the resistanoe offered by the 
narrow pipe controls the rate at whioh the water flows through 
it. An exactly similar state of things exists in the case of the 
voltaic oell; the current is foroed through the oell with a 
certain x.k.v. ; but the strength of the onrrent will de- 
pend upon the resiatowtee opposed to its flow. As has been 
already said, no substance oonduots eleotrioity perfectly ; ex- 
pressed in another form, this means that every substanoe 
opposes some resistanoe to its flow. The metals in the cell 
offer comparatively little resistanoe ; that of the liquid being 
the principal resistanoe whioh the onrrent has to pass through. 
The resis^oe of any oell oan be increased by increasing the 
distance between the plates, or by diminishing their size ; and 
can be decreased by diminishing the distance between the 
plates, or by inoreasing their size. This resistanoe is a most 
important factor in any oell, as upon it depends the strength 
of current whioh it is possible for that cell to supply. 

UNITS OF OU&NBNT, B.M.F., AND BBSISTANOB. 

In dealing with voltaic oells we have now. to consider 
three things : the current, the electro-motive force, and the 
resistance; and it is advisable to express eaoh of them in 
their proper units. Wo are in the habit of speaking of 
distances, times, weights, eto., in terms of some unit peculiar to 
eaohf The unit of distanoe or length we call a yard, the unit of 
time the second, the unit of weight the pound ; and without some 
such system of units, with whioh every one is thoroughly ao- 
quainted, it would be impossible for people to interchange any 
definite ideas involving in a quantitative sense, length, time, or 
weight. Similarly in eleotrioity it is necessary to have a 
unit of onrrent, a nnit of b.h.f., and a unit of resistanoe. 

The unit of Current is called the ahp^bs. 

„ „ E.M.F. „ „ VOLT. 

„ „ Besistanoe „ „ ohm. 

A few examples drawn from the most common applications 
of eleotrioity may give some clearer ideas as to the ^mensions 
of these units : — 

About three-quarters of an amp^rb is the usual current for 
the ordinary twenty-oaudle power incandescent lamp. About 
ten AMP^RBS is the usnal onrrent for the large arc lights. 

The eleotro-motive force of the zino and copper oell of 
which, we have been speaking is about one volt. The 
required to light the ordinary twenty-candle power incandescent { 
lamp is about 108 volts. The s.m.f. necessary for the aro lamp | 
is about 50 volts. The b.m.f. of eaoh of the accumulators in { 
general use is about two volts. 

A copper wire 500 yards long and one-eighth of an inch in 
diameter has a resistance of about one ohm. The resistance of 
one mile of ordinary telegraph wire is about 18 ohms. The 
resistanoe of a twenty-candle power incandescent lamp when 
hot is about 150 ohms. 


OBU^a LAW* 

These thm qnimtiiiefr^-^Rim ».K.F.|^Aiid 
oonnectod by a law dne to Jhr. Ohm, which Is nnivetnadly 
known as Okk's Law. It may be stated thus j-— T ka currant 
Jhwing in any cirevii ta squaH id ihe n,ic.F. divided by the ra- 
eietance in that citewik Or it may be stated thne 

B.x.r. ewpresesd in volte 

e. 

Or, putting it in its most convenient form And using symbols t- 



Where C = the onrrent expressed in amperes. 

E= „ x.]f.r. „ volts. 

B=; „ resistance „ ohms. 

The above expression for Ohm’s law can, of oonrse, also be 
written in the form 


0 

So that when we know any two of the three quantities we oan 
in every case determine the third by ealonlation. Taking an 
example, let it be required to determine what onrrent a battery 
whose S.M.F. is 100 volts oan send through a resistanoe of 
20 ohms. 

By Ohm’s law c = ® 

B 

but E = 100 volts, and B = 20 ohms. Putting in these values 
in the equation, it becomes 

100 

° “ 20 

c = 5 ABc.;>fere8 Answer. 

And in an exactly similar manner the s.m.f., or resistance, 
oan be calculated when the other two quantities in the above 
equation are given. 

chemical actions in the cell. 

Betuming to the simple voltaic cell which we were consider- 
ing in the last chapter (p. 148), it becomes necessary to 
thoroughly examine the chemical re-aotions which took place in 
it as the current was being generated and the zino burnt up. 
If the zino be ohemioally pure (or what will answer quite as 
well, if it be a piece of ordinary commercial zinc thoroughly 
amalgamated with mercury), no action of any kind will take 
place in the oell till the plates are joined outside the liquid by 
the conducting wire — this operation is called completing tlie 
I circuit” — when the current will begin to circulate, and the 
I zinc to bum away. The burning of the zinc is its uniting with 
I the sulphuric acid in the oell vo form sulphate of zino, while 
' at the same time hydrogen is given off on the surface of 
; the copper plate. Sulphnrio acid is a compound consisting of 
two parts of hydrogen (H), one part of sulphur (S), and four 
parts of oxygen (O), and is denoted in chemical language by the 
symbols H0SO4, which indicate its composition. Zino is de- 
noted by the symbol Zn, and sulphate of zino (a oonipound of 
one part of zinc, one part of sulphur, and four parts of oxygen) 
by the symbols ZnS04. The re-aotion in the oell is 
expressed by the equation 

Zn 4- H3SO4 = ZnS04 + Hj; 

Zino Sulphuric acid Sidphate nf tine Kydrogm * 

or by the words, zino and sulphuric acid unite to form sulphate 
of zino, and hydrogren is set free. 

LOCAL ACTION. 

If a stick of ohemioally pure zinc be immersed in dilute sul- 
phuric acid, no ohemioal action whatever takes place ; but if a 
stick of common commercial zino be subjected to the same 
ordeal, the result will be different; a brisk ohemioal action 
at once begins, hydrogen bubbles are freely given off on the 
surface of the zinc, portion of the sulphuric acid is turned into 
sulphate of zino, and the zino itself is burnt away, giving out a 
certain amount of heat. This difference between the passive 
state of the pure zino and the active state of the common zino 
is then clearly due to the impurities in the latter. These 





inipiiril^ inwiiloi €ihip« ol<}ok«,ior e?«i!b 

•Ug^t I tw^n g ltfe wi in giAo iti^. Whoa ona of tiiaao im* 
It Oft tlie iovfitbt df tfaa tino »ad in oontaot iiha 
tiOidt a| 1 tho ootiditioiit «re sAtiifttd for the generetioii of e 
OQvrei^ Hie liiio eott m thefftd» the impanty m the negsitlTe 
element, and the ooneeqnenoe is looal onrrents are formed 
eU round the foreign imrt&dle. As similar local currents are 
formed round erery impuril^, and as fresh impurities are being 
oonstantly eig^osed hj the dissolving of the sine, the local action 
(as this phenomenon is called) continaally increases till the 
sine all becomes burnt up. 

Looal action oan be prevented by amalgamating the surface 
of the impure sine. This oan be done by first dipping the sine 
in dilate sulphuric acid to clean it, and then rubbing mercury 
over its surface with a piece of rag tied on the end of a stick. 
A homogeneous sine sukaoe is thus exposed to the action of 
the add, and the imparities are brought to the surface and 
carried off by the hycbK>gen bubbles. A still better plan is to 
mix about 4 per cent, of mercury with the sine when casting it. 

THB ALIHXNT. 

Action will oontinae to go on in the cell — ^if the oironit 
remains completed or oloa^ — until either all the sine gets 
burnt up or until all the sulphuric acid becomes converted into 
sulphate of zino, or, as it is technically described, until the acid 
becomes billed. But long before arriving at this latter stage 
the action of the cell has gradually been getting weaker and 
weaker, until the time arrives when the sulphuric acid is nearly 
exhausted, when the action almost ceases, owing to the zinc not 
being in oontaot with the liquid with which it tends to unite. 

Let us onoe more compare the action of the cell to the burn- 
ing of an ordinary coal fire, and see how nearly identical the 
two operations are. A fire ceases to bum or to give out 
heat when one of two things happens : when the coal be- 
comes all burnt np, or when all the available air has united 
with the coal; in other words, when the supply of air 
has been exhausted. The air plays the same part relative to 
the coal which the sulphuric acid does to the zino. The name 
aliment will in future be used for that substance with which 
the fuel unites in order to give up its energy, whether in the form 
of heat or eleotrioiiy. In a voltaic ooll the amount of the ali- 
ment is usually a fixed quantity as the cell can only hold a 
fixed quantity of aoid; but in the case of the fire, under ordinary 
oiroumstances, the supply of the aliment is unlimited. In order 
to make the two oases exactly similar, the fire should be lighted 
in an air-tight room, when it would cease to burn as soon as 
it had exhausted all, or nearly all, the original supply of air 
which was in the room. 

It is a foot within every one’s experience that if a fire be 
supplied with different aliments, or with different amounts of 
the same aliment, the fieroeneas with which it burns — or the 
temperature to which the ooal is raised — largely depends upon 
the aliment, and the quantity of that aliment, with which 
it is supplied. If the fire is in a closed room it burns 
feebly ; if it is in connection with a tall chimney, or if air 
is forced through it by means of a bellows or some such 
arrangement, it burns quite fiercely, giving out much heat. 
If instead of air it had been’ supplied with pure oxygen, or, 
better still, with chlorine gas, its temperature would have been 
considerably raised, and the fierceness of combustion much 
augmented. In the voltaic cell an exactly similar state of 
things exists. If the aliment sulphuric acid bo replaced by 
bichromate or permanganate of potash, the zino will be burnt 
up much more quickly, which means that the e.m.f. of the cell 
is raised. The b.m.f. of the cell corresponds to the temperature 
of the furnace. In the furnace temperature is the force which 
does work ; in the cell x.h.f. is the force which does work. 

POLABISATION. 

Having dealt with the first portion of the chemical action it 
now remains to see what part the hydrogen plays in the sub- 
sequent working of the cell. As haA been said, this hydrogen 
is all given off on the surface of the copper, and in conse- 
quence the copper plate soon becomes completely covered with 
a thin layer of bydrogto gas. Any further action in the 
cell only generates hydrogen bubbles, which, starting at the 
copper, rise through the liquid and go off in the atmosphere. 
Tl^ layer of hydrogen plays two parts in the working of the 


c«dl, bo^ of vrldck m ahitixic% Ws it liimiMtes the cesi«U 
sftoe of the oeU by ioterposhif a layer of goeM the path of the 
current (gas has a •nsey high resistance) ; ^ second effect 

is far worse, ft ledooee the a.x.F. of the celt When the copper 
piste beoomee oompMefy covered by this layer, it no longer 
acts as if it were ot^per. The sulphuric aoid is no Ibnger in oon- 
taot with oopper, it is in contact only with the layer of hydrogen, 
and it is tl^ hydrogen wMoh is now the negative elemmit in 
ihe cell. The fa^ of the surface of the oopper being coated with 
hydrogen makes the plate act as if no other metal but hydrogen 
formed the negative element. Beferenoe to the table of heat- 
valnes of the different metals in the previons (diapter (p. 147) 
furnishes the complete explanation of the reason why the x.x.r. 
ie reduced. It be remembered that the of a cell 

depends upon the difference between the heat-values of the 
metals used — 

This differenoe for mao and copper is 28,940 
„ ,, vine and h/yd^gen is 8,700 

which is little more that one-third of the previous diflSBrenoe ; 
and it is found in praotioe that when this layer of hydrogen has 
once formed, the n.]f.F. of the cell falle to a little more than 
one-third of its original valne. This phenomenon has received 
the name of polarisaMon, and when the oopper plate has become 
covered with hydrogen the cell is said to be polarised* 

OLASBIFIOATION OF OXLLB. 

The necessity for avoiding polarisation in a cell is so obvious 
that countless remedies have been suggested for getting rid of 
this injurions deposition of hydrogen on the negative riement. 
These remedies, though differing in detail, all oome under 
some one of three general principles ; so important, in fact, is 
the part played by the phenomenon of polarisation in primary 
batteries that it seems the most convenient, if not the most 
scientific method of classification, to group them according to 
the methods used to prevent polarisation. Adopting this plan, 
they may be divided into the four following classes i— 

I. Cells in which no attempt is made to prevent polarisation { 

II. Cells in which polarisation is prevented by mechanical 
moans ; 

ni. Cells in which polarisation is prevented by purely 
chemical means ; 

IV. Cells in which polarisation is prevented by electro- 
chemical means. 


TECHNICAL DRAWING.— XI. 

DEAWING FOB CAEPENTEES AN© BUILDBES. 

DEVELOPMENT OF THE SURFACES OF ROOFS. 

Although the whole subject of the development of prisms is 
treated in lessons on “ ]^ojection,” it is deemed desirable to 
give two examples here, showing the immediate application 
of the principles to roofs, in order to enable the student to 
find the exact shapes of the surfooes of which they are oom- 
posed ; and, as in the ease of a hipped roof, the length of the 
hip-rafters. 

Fig. 82. — In this figure, a h c d is the plan of the building to 
be covered with a hipped roof. 

To draw the plan of the roof, bisect the angles of the paral- 
lelogram, and the bisecting lines meeting in e and / wiU form 
the plans of the hip-lines, and the line joining e and / will be 
the plan of the ridge. 

It is now required to project the elevation from this plan. 
To do this, draw any horizontal line, as A b (Fig. 83), and the 
perpendiculars from c, e, /, d, cutting A B in h, i, jf*, and pro- 
duce h and t indefinitely. 

Produce the perpen^cular at e until it reaches 1; then it 
will be clear that k I is the width of the roof -trusses (at Tc L and 
m a), which would be at right angles to the sides a h and c d. 

Draw Jif V (Fig. 84) equal to fe I in Fig. 82, and at the middle 
point, 0 , draw the perpendicular, o j), equal to the real height 
of t{ie truss, which is, of course, a matter dependent on the 
design of the architect. This triangle, then, will be the shape 
ci the truss at this point, and is the section across tho roof. 

Make h q and ir in Pig. 83 equal to op in Pig. 84 ; draw g g, 
q r, and rj, which will complete the elevation ; and this will 
also be the longitudinal section through the ridge. 

We now have to find the real length of the hip : to do this 

* 
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ganmfs (Fig. 82) equal to op (Fig. 84)» and at right angles to 
/ d f join dag then the right-angled triangle d / s is the true 
shape of ihe hip-truss. This will be understood by cutting a 
piece of cardboard of this shape, and placing it on its edge on 
dft then it will be seen that d a will be the len^ of the hip. 

To develop the oovering of this roof i-— It w% of course, be 


then the tmpezoid e v lo d is the development of one of the 
planes forming the side of the roof-oovering. The same length 
set off on the perpendiculars I, n will give ^e points a, y, which 
will complete the fourth plane. 

We now proceed to find the form of the hip when the 
roof is a groined one. 



understood that this willconristof four planes, which will meet 
at the hip-linos. Now, it has already been shown tl^t the ends 
are triangles, of which a e c and hfd are the plans ; the length 
of lines a c and h d remains unaltered, but the real length of 
c e, a e, h /, and d / has been proved to be da; therefore on 
d h and a c construct isosceles triangles, having d s for the two 
remaining sides i these triangles then, ate and hud, are the 
true shape of the coverings of the ends of the roof. 

Now from c and d, with radius e f, describe arcs cutting the 
perpendiculars k and m in v and %og join doc, v c, and w vt 


Let me ask you to imagine yourself standing on the platform 
of a railway at the side of a semi-circular arch by which a rood 
is carried over it ; you will then see that whilst the face or 
elevation of the arch where it crosses the railway at right 
angles is semi-circular, its span being of course the diameter of 
the circle of which it is the half, the length from the springing 
near which you are standing, to the most distant springing 
(that is, the one on the opporite side of the line at the other 
end of the arch) will be much longer ; yet the arch there ia not 
any higher^ although its span thus luken crosswise is longer, 
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beoaose the diagonal of a square or other rectangle is longer roof where the oylindrioal and oylindroidai bodies penetrate 
than either of its sides. The principle on which to find the shape each other. At these points, therefore, dj»w lines perpendicular 
of the oorve which would reach from the springing at which you to the diagonal, and mark oS on these the heights of the per- 
are standing to the one referred to, is also Bho?m in Fig. 85. pendioulars in the semicircle from which the points on which 
On a b describe a semicircle, and divide it into any number of they stand were deduced. These extremities being connected, 
equal parts in the points 1, 2, 8, 4, etc. From these points let the curve so traced is the groin curve, and will give the shape 
fall perpendiculars on a b, and produce them downwards till for the centering for the groin, as the semi-cirole and semi-ellipse 
they out the diagonal a c in the points 1', 2', 8^ 4', etc. Now, will for those used in the.elevations of the arches, 
from the points whore the lines V, 2', 8', 4', etc., out a c, draw It now only remains to develop the soffits or under surfaces, 
lines perpendicular to a c; make es^ of them equal in height to Fig. 87.^Draw any straight line, and commencing at ▲ set 
those correspondingly lettered in the semioirole, and the curve off on it the distances into which the curve A c is divided 
drawn through their extremities will be the form required. (measuring on the curve, not on the springing-line), namely, the 

Fig. 86. — Here A B o D is the plan of a building to be covered distances A a, a, b &, o c, etc. 
by a groined roof. At the points on the straight line thus marked, draw per- 

The arch, the springing of which is A o and b D, is a semi- pendiculars ; make the middle one equal to 6 /, those on e, e 
cylinder. equal to 5 c, those on d, d equal to 4 d, those on c, c equal to 

The arch which has its springing in A b and c D, being of 3 c, those on b, b to 2 b, and those on a, a equal to 1 a. Join 
the same height but 
of wider span, is a 
semi-cv liudroid. 

A cylindroid is a 
solid body of the cha- 
racter of a cylinder. 

But whilst in a cylin- 
der all sections ti^en 
at right angles to the 
axis are circles, in the 
cylindroid all such 
sections are ellipses. 

It is, in fact, a flat- 
tened cylinder. 

The curve at the 
groin, then, is gene- 
rated by the penetra- 
tion of a cylindroid 
and cylinder. 

On A B describe the 
Bomioirde which re- 
presents the form of 
the arch at the ends 
A B and 0 D, and 
divide it into any 
number of equal 
ports, a, b, c, etc. It 
is* only necessary to 
use the quadrant, as 
throughout the work- 
ing the measurements 
are the same on each 
Hide. 

Draw the diagonals 
A D and B c. 

Prom a, b, c, d, e, / 
draw lines perpen- 
dicular to A B, and 

cutting the diagonal a d in o', b', c\ d\ ef, /, and set off the number of equal parts. Draw diagonals in the squue, ana 
same distances on the other half of the diagonal. from the divisions in the semioirole draw lines perpendicular to 

From these points draw lines at right angles to A c, and the diameter, and cutting the diagonal ; at these points ereci 

passing through it in points 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 ; mark perpendiculars, and make them equal to those in the semi- 

off on the perpendicular 6 the height of 6 / equal to the height circle ; then the curve drawn through their extremities will 
of the semicircle /, and on the perpendiculars 5, 4, 3, 2, 1 mark be the shape of the hip. Ibis is shown lying down in the 

off in succession the heights of the perpendiculars c, d,/, c, b, a, illustration, and the student is advised to cut ^e form in 

as contained between the semicircle and the d/iameier. Set off cardboard, when by standing it on its edge against a semi* 
the same heights on the corresponding perpendiculars op the circle placed on the line b b, he will be able thoroughly to 
other side of 6 /, and the curve traced through these points comprehend the difference between the fqrms caused by their 
win be a semi-ellipse, which is the section of the semi-oylindroid positions. 

forming the arch of which A b and c d are the springings. When a roof is constructed as in this figure, but the curve is 

We now proceed to find the curve of the groin ; and it will truncated, or cut short by a flat surface, it is called “ coved 
be evident that, although the span is still further increased in and flat.** 

length, the heights of Hue different j)ointB in the curve will be Ceilings are sometimes built in this manner. They form a 
the same as in both the previous elevations. sort of compromise between a flat ceiling and the various 

The span, then, of the arch at the groin is the diagonal A d arched ‘forms practised by the ancients. They do not require 
(or b c), to which the divisions a', V, €, d\ e\ f have already so much height as the latter mode, and have toerefore been of 
been transferred from the semioirole, and from these the lines considerable use in the finishing of modem apartments ; but 
were carried at right angles to A c, on which the heights of the although the form is admired by many, it naturally is wanting 
points in the curve were set off. in the elegance and grandeur of entire arched wilings, nor 

These points on the diagonal, then, will be seen to be common does it admit of that beauty of decoration of which they axe 
to both arches, since they are the plans of the points in the | susceptible. 









the extremities of 
these perpendiculars, 
and the two curves 
meeting in a point, 
and joined by the 
original straight line, 
will form the develop- 
ment of the soffit of 
the oylindroidai arch. 

Fig. 88 is the de- 
velopment of the 
semi -cylindrical arch. 
As this is worked ic 
precisely the same 
manner from the 
semicircle, no further 
instructions are 
deemed necessary. 

Fig. 89 is the plan 
of a building to be 
covered by a roof of 
a pyramidical form, 
the hips, however, 
being curved instead 
of straight, so that 
the roof is really a 
square dome. 

Now in this case, 
the given rib crossing 
from b to B, and that 
which would cross 
it at right angles 
through the centre, is 
shown at B, which is 
the form of wooden 
centering which would 
be used to divide the 
semicircle into any 
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AGRICULTURAL CHEMISTRY.— IV. 

BT SIB OH1.BLB8 CAKEBOK, K.D., PK.D.» 

ProfoMor of Hygians in tlie Bojal College of Snrgeona, Irdaafl. etou 
OHAPTEB IV.-FOBMATION AKD COMPOSITION OP SOILS. 
The solid “omst” of the globe is composed of sabstanoes 
termed rocki by the geologist, whether they exist in the e&or- 
mons oompaot masses popularly known as rocks, or in the 
slightly coherent states called clay, grarel, sand, etc. Granite, 
gneiss, trap, basalt, sandstones, limestone, and Tarions other 
minerals, constitute the solid rooks. They are composed of the 
metals potassium, sodium, magnesium, calcium, aluminum, 
and iron, united with the metalloids (non-metals) oxygen, car- 
bon, silicon, sulphur, and phosphorus. The metal manganese 
occurs also (and Tery common^) in rooks, but only in small 
quantities; and the metals barium and strontium are also 
occasionally found in masses of rook. Fluorine combined with 
calcium (fluoride of calcium, or fluor spar) is also met with in 
rocks, but in oomparatively minute quantiries. The great bulk 
of rooks is made up of the elementary substances silicon, oxygen, 
carbon, aluminum, and oaldum. 

Silica, or silioio acid, is composed of 46*7 parts of silicon 
combing with 53*3 parts of oxygen. It constitutes the great 
bulk of most kinds of rook, such as granite, gneiss, and basalt, 
and it is the chief constituent of such common minerals as 
felspar, mica, hornblende, and meerschaum. Quartz, flint, rock 
crystal, jasper, chalcedony, and agate are varieties of silica. 

Aluminum is a white, malleable metal, about one-third the 
weight of silver. It is but very slightly affected by the air. 
53*39 parts of this metal combined with 46*61 parts of oxygen 
constitute the earth alumina. The latter, when artificially pre- 
pared, is a white substance, insoluble in water, but possessed 
of a great tendency to combine with that liquid. The in- 
tensely hard mineral corundum is pure alumina ; and emery, 
and the beautiful gems termed the sapphire and the ruby, are 
slightly impure varieties of this earth. The plastic constituent 
of days and porcelain earths is alumina ; and this body is the 
basis of bricks and pottery. The affinity which alumina has 
for moisture may eai^y be proved by applying the tongue to a 
brick or piece of unglazed porcelain. 

The metal calcium, united with oxygen in the proportion of 
71*43 parts of the former with 28*57 parts of the latter, consti- 
tutes the earth lime, or calcic oxide. This body is white, and 
is about three times the weight of water. When water is 
poured upon lime, they combine, the earth swells up, and 
(unless there be too much water) crumbles into a fine powder. 
During this process a large amount of heat is evolved. This 
compound of water and lime is termed slaked IhnCf or calcic 
hydrate (formerly, hydrate of lime), and is largely employed as 
an ingredient of mortars and cements. Limestone and marble 
are essentially composed of lime, or calcium in union with car- 
bonic dioxide. When either mineral is highly heated, carbonic 
dioxide is expelled, and calcic oxide (quick or burnt lime) 
remains. The important earthy salt gypsum, or plaster of 
PAris, is calcic sulphate ; and tricalcic diphosphate is one of 
the most valuable earthy compounds used in agriculture. A 
large number of minerals containing tricalcic diphosphate exist, 
and are employed for agricultural purposes. 

The metal magnesium occurs far less abundantly than calcium. 
60*28 parts of this metal and 39*72 parts of oxygen form the 
earth magnesia — a bulky, white, tasteless powder. Dolomite is 
a compound of caloio carbonate and magnesic carbonate, and 
the well-known Epsom salts ore magnesic sulphate. Magnesium 
occurs in all fertile soils, and in a great variety of minerals, 
Buoh as, for example, chiysolite, French chalk or steatite, meer- 
schaum, serpentine, and asbestos. 

Geologists have not been able to penetrate very far beneath 
the surface of the earth ; consequently, the composition of all 
but the mere skin, so to speak, of our globe is unknown to us. 
So far as we have penetrated, certain kinds of rocks have been 
found in layers or beds termed strata^ overlying each other in 
regular •eucoession. Occasionally the strata have a horizontal 
direction, but more frequently ^ey form angles with the sur- 
Lmjo of the earth. 

The stratified* rooks are termed wgueous^ because it is be- 
lieved that they have been formed out of older rooks by the 


* From the Latin stiratum, a layer, and/oeere, to make. 


action of water. The hardest kinds of rook crumble away 
under atmospheric influences, sad the debris or fragments be- 
come transported to oonsidlerable distances by me a n s A drsin^ 
water, rividets, rivers, the sea, and even by spaders and ice- 
bergs. The pdverised particles of rook deposiM in various 
plaMB out of water undergo a kind of cementation and form 
new rocks. The latter, bt^ produced from a gradually-de- 
posited sediment, necessarily have a strati^ed or leaf-like struo- 
tnre. Some stratified rocks are derived from the remains of 
animals. Chalk and limestone are composed ohi^By of the 
remains of shell-fish and other animals. So great is the rook- 
forming power of large rivers that, according to Sir Charles 
l^ell, ihe Nile annually deposits 3,702,758,400 cubic feet of 
solid earthy matter beneath the waters of the Mediterranean. 
The greater part of Egypt was believed by Herodotus to be 
“ the gift of Nfie.” 

The rooks termed igneous are those whioh have been sub- 
jected to, or formed under the influence of, intense heat. They 
are generally composed of small crystals or vitreous (glass or 
slag-like) substances. They generally underlie the stratified 
rooks, but often pass up through the latter in a wedge-like 
form. Granite and trap are igneous rooks, and lava, or other 
voloanio rooks, alSo belong to this group, and are the latest 
members of it. Limestone, oolite, and sandstones are familiar 
examples of stratified rocks. Books intermediate between 
aqueons and primary rocks are termed metamorpMc ; gneiss is 
a metamorphio rock. Fig. 7 shows the appearance presented 
by a verti(^ section of stratified rocks. 



Fig. 7.— SECTION OF STRATIFIED BOCB8. 


The greater portion of the surface of the “dry land** is 
covered with loose fragments of rooks, mixed with the remains, 
more or less altered, of plants and animals. These matters are 
termed soiU^ and they extend downwards to distances varying 
from an inch to more than twenty feet. There are two kinds 
of soil, the super arid the sub. The former term is confined to 
the layer next the surface, ^ ’^hioh contains nearly all the organio 
matter (i.e., animal and vegetable substances), and throughout 
which the roots of plants ramify. The sub-soil generally 
closely resembles the super-soil so far as their mineral ingrodi- 
ents are concerned, but the condition in whioh these ingredients 
exist is somewhat different in the two soils. 

Both super- and sub-soila are often formed by the disintegra- 
tion of the hard rocks underlying them ; but sometimes they 
are produced from the debris of rooks transported by aqueous 
agency from distances more or less considerable. 

The agenriM whioh form soils are frost, rain, damp, oxygen, 
and carbonic dioxide. Water, when it is converted into ice, 
expands about 10 per cent, of its volume. In the densest 
rooks there are little cavities containing water, which in winter 
often expand with irresistible force into ice, and thereby in- 
crease the size of the cavity. This process, earned on for 
oenturies, produoes the disintegration of enormous quantities of 
rook. The mere mechanical action of rain and hail upon rooks 
also crumbles away in process of time the densest stone sur- 
faces — witness the rough and decayed aspect presented by so 
many of our stone buildings. Carbonic dioxide has a great 
affinity for potassium and sodium; and as these metals are 
common ingredients of rooks, they are often abstracted from 
them by the free oarbonio dioxide of the atmosphere — a ciroum- 
stanoe whioh renders the rocks more porous and friable. The 
ferrous oxide (protoxide of iron) in rooks is often converted 
into ferric oxide. (per- or sesqui-oxide) by the atmospheric 
I oxygen, and this process tends to break up the structure of the 
rock. The influenoes of air and moisture upon the solid crust 
of the globe are, of course, confined to the surface, and take 
place with an extreme degree of slowness ; but influences, 
however small, exerted during a considerable period of time, 
ultimately produce great effects. The stratified rooks (which 
include soils) now in existence have been produced by the 
atmospheric influenoes of countless ages. It is, indeed, p'^o- 
bable that, as Liebig remarks, the atmospheric influences ii a 
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ftomaaid yeam axe neoemary to farm from any kind of rook a 
layer of arable soil one*twelfth of an inoh tbiok. aaitable for 
the growth of plants. 

The composition of soils varies greatly. Some oontain con- 
siderable amonnts of calcic oarbo^te, others are very rich in 
organic mattCTi whilst many are composed of but li^ more 
than silica. As a rule, silica is by far the most abundant mine- 
ral ingrredient of soils ; next comes alumina; and ferric oxide 
and cidcio carbonate are about equally abundant. The follow- 
ing is the composition, according to Yoelcker, of a sandy soil 
(l^bney Warren, Abingdon), deficient in lime, alkalies, and phos- 
phoric acid. 100 parts of the dried soil oontain — 


Organic matter 5*88 

Oxides of iron, and alumina 4*11 

Carbonate of lime (oaloio carbonate) . • • . 0*82 

Magnesia 0*22 

Potasb and soda 0*14 

Phosphoric add 0*07 

Sulphuric add 0*04 

Insoluble silidous matter (fine sand) .... 88*92 


100*00 

The amount of silioa is generally from 80 to 94 per cent, in 
sandy soils, from 70 to 80 in clay hmds, from 60 to 70 in loai^ 
and rich moulds, from 40 to 60 in marly clays, from 5 to 40 in 
calcareous or limy soils, and in marls. 

The proportion of aiumina is greatest in rich loams, but it 
rarely exceeds 15 per cent. In clay soils alumina exists on the 
average to the extent of abont 7 per cent. ; in sandy soils its 
per-oentage varies from 1 to 5. Marls, calcareous soils, and 
vegetable moulds oontain from 1 to 8 per cent, of alumina. 
The larger the proportion of alumina in the soil, the more diffi- 
cult is its cultivation — ^the adhesive character of the earth offer- 
ing a stubborn resistance to the passage of the plough and the 
spade through it. Porcelain and brick clays oontain from 30 to 
40 per cent, of alumina. 

The per-oentage of oaloio carbonate varies from 90 per cent, 
in the case of marls and limestone soUs to mere traces. Clays 
and loams generally contain from 1 to 3 per cent, of this sub- 
stance. Lws than 1 per cent, may be regarded as a defective 
proportion. 

Potash exists in soil from the merest trace to nearly 3 per 
cent. Soils rich in alumina are, with rare exceptions, also rich 
in potash. Sandy and peaty coils and marls are in general 
deficient in this alkalL 

Soda is not so important a constituent of plants as potash ; 
and, except near the coast, it is not quite so abundant in soils 
as potash. Its proportion varies from a trace to 2 per cent. 

Magnesia is found in all fertile soils, and in per-centages 
which range from *06 to 1*5. 

Marly, peaty, and calcareous soils oontain very minute amounts 
of phosphoric acid, but in clays its per-oentage is occasionally 
1*5. In general, even very fertile land contains less than 1 
per cent., and the average amount is probably about 0*4 per 
cent. 

Sulphuric acid and chlorine occur very sparingly in scils. 
Carbonic dioxide is abundant in all oases where there is much 
lime. It is generally found in the form of oaloio carbonate and 
magnesio carbonate. 

Organic matter (animal and vegetable substances more or less 
decomposed) is present in all soils capable of producing good 
crops. Sometimes, as in the case of bogs and peaty mosses, it 
is too abundant. It is most deficient in sandy soils, which 
often oontain less than 1 per cent, of this ingredient. Cold 
clays are in general poor in organic matter. Fertile loams 
inolnde from 10 to 14 per cent, of this valuable element of 
fertility. 


BUILDING CONSTRUCTION.-~VI. 

BEICKWOEK (oonttnticd). 

FOUNDATIONS. 

Hayino in the previous lesson shown the difference between 
English and Flemish bonds, we now purpose illustrating the 
method by which these may be worked together. 

Figs. SO and 81 show plans of first and second courses of a 
wall in which the front is built in Flemish and the back in 
English bond. This is considered a good wall, but stiU pos- 


sesses the disadvantage of half-bricks. And thus it will be 
seen that in the one course the front line of bricks, and in the 
other the back line, is totally unattached to the rest ; whilst 
in Figs. 28 and 29 the headm penetrate two-thirds into the 
thickness of the walk 

Flemish bond has been much used in situationB where the 
walls were not to be covered with stucco, for the reason 
already assigned, vis., its neat appearance. But in every case 
where the greatest st^ngth and compactness are requir^ the 
EngHsh bond is prefen^, in oonsequenoe of its admitting of 
more transverse bonding than the other. Flemish bond was 
introduced .into this country in the time of William and Mary; 
but why it lias received the name it bears does not seem to be 
known ; for in Flanders, Holland, Bhenish Germany, etc., this 
system is not by any means generally praotised, the style whi<^ 
we call old English bond being almost universally adopted. 

A third kind of bond is sometimes used with the view of 
strengthening very thick walls. This mode consists in laying 
the bricks which fill up the core, or space between the front 
and back surfaces, diagonally or a^le-wise, their direction 
being reversed in each course. This is called a rake, and does 
away with the necessity for using half-brioks in the heading 
course; but^ of course, it leaves triangular interstices at the 
points where the angles of the bricks in the core meet the 
straight faces of the external facings of the wall. 

Fig. 82 represents the plan of a three-brick wall built in this 
manner. It will be seen that the connection between the faces 
and the core is but very imperfect. The external faces consist 
of alternate courses of headers and stretchers, the core being 
filled up by a raking course. This course restis on and is also 
covered by a complete course of headers, and each time it 
occurs the direction of the bricks is reversed. 

Fig. 33 is the plan of a wall similarly constructed, called 
hen^ng-hone bond. In this mode also, courses of headers 
would bed and cover the herring-boning, and the direction of 
the bricks in the core, like in the last, is reversed in each 
course. It will be noticed that this plan leaves a central line 
of squares to be filled up by half-bricks, in addition to the 
triangular pieces used at the sides. 

Neither of these two systems should be used for any but 
very thick walls. 

Perfect accuracy in bricklaying, as indeed in all mechanical 
arts, cannot be too much impressed on the artisan ; and this 
should be carried out not only in the parts of a structure 
which are visible, but in those which may be hidden. For 
instance, it is of the utmost importance that all the joints in 
brickwork should be perfectly plumb or vertical, and that every 
course should be absolutely horizontal, both lengthwise and 
across. The lowest ooUrses of a brick wall should be laid with 
the strictest attention to this i>articular ; for, as all the bricks 
are of Hie same thickness, any irregularity will be carried up 
throughout the whole wall, and the workman will then attempt 
to rectify it, or to “ level it up,” by using more mortar in 
some parts than others ; but, of course, mortar whilst wet is 
to a certain extent compressible where bricks ore not, and there 
will thus be unequal settlement, which will subsequently not only 
impair the appearance, but endanger the safety of the wall, and 
possibly of the entire structure. In order to save the trouble of 
constantly applying his rule and level to the work, the bricklayer, 
when he has got beyond the footings or foundations, builds up 
three or four courses at the ends of the wall, as at A and B (Fig. 
34). These he very carefully plumbs and levels across; he 
then strains a line from one end to the other, and this guides 
him as to the level of his course ; but if the distance be long, 
the line will sag or hang slightly downward in the middle, and 
to prevent this, occasional bricks are placed which servo to 
support it, as shown at c. When the work has been carried u » 
three or four courses, it should, however, be tested with the 
plumb-rule and level. In bricklaying, tihe workman spreads 
the mortar over the last oourse with his trowel, so as to form 
a bed on v hich the brick may rest. As any mortar spreads 
beyond the edge of the course, it is caught up bn the face of 
the trowel, and is put up against the vertical end of the last 
brick laid in the new oourse. The bricklayer then with his left 
hand la/gs the brick, and presses it downwards until it is in its 
exact place in the line, sometimeB striking it with the side of 
the trowel, or giving it a smart tap with the end of the handle. 
The small quantity of mortar thus pressed out between the 
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briolcB IB knocked off with the trowel, nnd the line smoothened 
with the point — that is, if it is to be seen ; but on the inside of 
walls which are to be plastered, the rouirh projecting line of 
mortar is left, as it helps in atta(^ng the plaster. It is advis- 
able that bricks should be damp when they are being laid ; for 
if their pores are full of air^ and their surfaces covered with 
dry dust, the mortar will n^ adhere. This is generally done 
on the sc^old, for wetting them below would make them much 
heavier for the labourer to carry up, and many of them would 


each other; and no space between them should be left tmoO^ 
cupied by mortar, which may produce adhedou. When the 
bricks are a fraction under inches thick, no four courses ot 
bricks and mortar, or brickwork, should exceed 11 mches in 
height ; and if they are fully that thickness, four courses ahould 
not reach 11^ Inches. The result of thick beds of mortar 
between the bricks, is that the mortar is pressed out after the 
joint is drawn on the outside of the front, and being made 
convex instead of slightly concave, the joints catch every drop of 



dry before wanted for use. They should, therefore, bo dipped 
in watOT just as they are wanted, and this may be done by boys 
supplying them as required by the bricklayer. 

Ihe following remarks, taken from Mr. W. Hoskings’ excel- 
lent work, are quoted, as from their exceedingly practical 
oharacter they cannot fail to be of use to the artisan : — ** As 
mortar is a more yielding material used in bricklaying for the 
purpose of maki^ the detached portions of the staple adhere, 
by filling up their interstioes ana producing exhaustiou-^and 
the object being to produce as unyielding and consistent a mass 
OB p 08 Bible--Has much of it should be used as is sufficient to 
produce the desired effect, and no more. No two bricks should 
be allowed to touch, because of their inaptitude to adhere to 


rain that may trickle down the face (ff the wall, and thus 
become saturated ; the moisture freezes, ; 1 in thawing bursts 
the mortar, which crumbles away, and creates the necessity, 
which is constantly recurring, of * pointing* the joints to 
preserve the wall.'* Fig. 85 shows the section of a 9-moh wall 
with the joints on the side a as drawn, and on the side h as 
bulged out in consequence of the quantity of mortar in them 
yielding to the weight above. This, too, is in addition to the 
inconvenient settling whioh is the consequence of using too 
much mortar in the beds. In practioe, bricklayers lay the 
mortar on the course last finished, and spread it over the 
surface with the trowel, without considering or oaring that they 
have put no mortar between the bricks of that course — except 
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in the external edgee of the outside joints. As the mortar is 
not, or ought not to be, so thin as to fall into the joints by 
its own weight, unless they press it down, half the space 
between the bricks remains in every ease unoccupied ; and the 
wall is consequently hollow, incompact, and necessarily imper- 
fect. To obviate this it is common to have thick walls 
** grouted in every course — ^that is, mortar made liquid, and 
oi^ed grcnU^ is poured on, and spread over the surface of the 
work, that it may run in and fill up the joints completely. 
This, at the best, is but doing with grout what should be done 
with mortar ,* and the difference between the two consisting 
merely in the quantity of water they contain, mortar must be 
considered the best; for the tendency of pout is, by hydro- 
atatio pressure, to burst the wall in which it is employed ; and 
moreover, it must, by taking a much longer time to dry and 
shrink than the mortar of the beds and external joints, make 
and keep the whole mass unstable, and tend to injure rather 
than to benefit it.. Filling, or fiushing-up every course with 
mortar, is therefore far preferable, and may be done with very 
little additional exertion on the part of the workman. 

So much having been said on the subject of settlement, it 
will be seen that owing to stones or bricks being united to 
each other by mortar, a certain amount of shrinking or settle- 
ment from this and o^er sources is certain to take place. The 
art of the builder must, however, bo devoted to ensure equal 
settlement, and this can only be done, firstly by using the same 
thickness of mortar throughout, and secondly, by carrying up 
all the walls which are to sustain the same fioor simultaneously; 
for, as all walls shrink immediately after building, the part 
which is first built will settle before the adjoining part is 
brought up to it, and the shrinking of the latter will cause the 
two parts to separate. The ends of the walls first built should 
be ** racked back j ” that is, left off slantingly as in Pig. 23, not 
merely “ toothed ** vertically as in Fig. HI. 

Having thus explained the elementary principles of masonry 
and bricklaying, the subject of foundations can bo proceeded 
with. 

In foundations then, considered in relation to the walls, etc., 
of buildings, it is necessary to observe : — 

1. That when the wind blows, or any other lateral force acts 
against a wall, etc., the higher it is the more powerful will be 
the leverage by which it acts against the point on which it rests, 
and the greater the danger of its being thrown over. 

2. The narrower the base on which it rests, the more is it 
liable not only to be thrown over but to sink. 

A timber construction will, perhaps, best serve to iUustrate 
this. 

Let Fig. 36 represent a stick of timber or square pole simply 
placed in the ground ; it will be clear that it woidd be very 
liable to sink, or that the wind or any other force would be very 
likely to throw it down. We shall endeavour to treat each of 
these evils separately ; and as these lessons aim at teaching not 
only workf but thought^ let us earnestly impress on our young 
students the benefit arising from systematic thinking and action, 
and urge them before putting pencil to paper, or laying a single 
brick, to ask themselves ; "VN^at do I want to do P what is the 
object to be accomplished ? what is the best method of attain- 
ing this end P are f^e means 1 am taking the best, just because 
others use them P and if they a/re so, wh/y are they so P These 
questions lie at the foundation of all progress and improvement; 
and it is through the habit of thus reflecting that an artisan 
rises above the level of a working machine to the dignity of a 
working man. 

Let us see, then, what would be the best way to prevent the 
sinking of the pole, and it will at once be evident that this will 
be the best accomplished by widening the base. Of course this 
would be done by placing it on another stick of timber laid 
horizontally, but better s^ if two such pieces are placed in 
the form of a cross (Fig. 87) ; by this means a basis is formed 
which, to all intents and purposes, is equal to the complete 
equare in which the cross c<^d be inscribed, and therefore the j 
pole rests, as it were, on a foundation equal to that area. Thus 
the si^ng would be prevented. And now we can turn oor 
attention to the second point, viz., the swaying of the pole, or 
' the liability to be thrown over by any latml (or side) force. 
Tlus may be accomplished by mortising struts A, B, c, and t> 
(Fig. 88) into it, and into the stand, in the direction of the single 
Ittnes hmre given, and by this means the effect of the breadth of 


the base will be transmitted to the post. These struts will not 
only serve to steady the pole, but to relieve the pressure which 
would otherwise fall on its lower end, but whi<fix is thus shared 
by all the struts, and is by them spread over the whole base ; 
and BO fracture at the point where the whole weight would fall 
is avoided. This illustration has been worked by perspective, a 
study which will be treated of in other lessons. 

In stone and brick walls, the foundations are formed by 
commencing the lower course wider than the intended thickness 
of the wall, and then gradually diminishing the breadth until 
the real size is reached. These projecting edges are called 
“footings” (Fig. 39). 

In stone walls, where the weight falling on the foundation is 
very heavy, care must be taken that the offsets for footings are 
not too great in each course, as, owing to the natural brittle- 
ness of stone, fracture is likely to ensue ; nor should the joizits 
between the stones fall too near or beyond the face of the wall, 
as in that case they would be liable to yield under the super- 
incumbent weight. 

In cases such as the foundations of the piers of bridges, 
vaults, and other similar constructions, the offsets are madft 
very narrow, and oven these ore generally slanted off so as to 
give the wall or pier what is called a “ batter,’* as represented 
at A (Fig. 40). 

In placing the footings in brick walls, the greatest care must 
be taken to throw the joints as far back wi^in the surface of 
the wall as possible. Excepting in walls of one-brick thickness, 
no course of footings should project more than a quarter-brick 
beyond the one above it ; and additiozial strength is given by a 
double course below, which, indeed, should bo adopted for every 
thickness of wall. 

Figs. 41 and 42 are sections of walls of different tbicknessea 
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VII.— HAIR AND BRISTLES. 

Hair, the covering of mammiforou.s animals, consists of slender, 
elongated, homy filaments, secreted by a conical gland or 
bulb, and a capsule, whic^h is situated in the mesh-work of 
the chorion, or true skin. Bristles, hedgehog spines, and 
porcupine quills, are all modifications of hair, having the same 
chemical composition, mode of formation, and general structure. 
Some kinds of hair are perennial, growing continuously by a 
persistent activity of the bulb and capsule, as human hair, and 
that of the mane and tail of the horse ; other kinds are annual, 
the coat being shod at certain seasons of the year, as the 
ordinary hair of the horse, cow, and deer. Hair, of all animal 
products, is one the least liable to spontaneous chemical 
change, and in its various forms is valuable as material for 
numerous branches of industry. 

Human Hair . — This is imported from Germany and France, 
and is furnished, the light-coloured by the German and the 
dark-coloured by the French girls, who look forward anxiously 
to the hair harvest for the means of purchasing trinkets and 
dresses. A head of hair weighs from eight to twelve ounces, 
and, according to its colour, is worth from thirty to sixty 
shillings per pound. In the spring, the Paris hair merchants 
send agents to all x>Bri;s of France to purchase the beautiful 
tresses of the French girls, who cultivate an annual crop for 
sale with the same care as the farmer cultivates a field crop. 
About 200,000 lb. are purchased in this way every spring, and 
made into perukes, false curls, etc. Human hair is also manu- 
factured into a variety of articles of personal adornment known 
in commerce as hair jewellery, such as bracelets, armlets, 
lockets, brooches, neoklaoe-rings, watch-rings, which are not 
unfreqnently worn in memory of the person to whom the hair 
belonged. 

HorsehoAT , — ^Thia is collected in the various towns of Eng- 
land from ostlers and others, and sent up to London in sacks. 
Besides that supplied by our own horses, we import annually 
from Bussia and South America about 20,000 owt. Horsehair 
is extensively used for military accoutrements, and as stuffing 
for mattresses; a cloth of great durability is manufactured 
from it, and employed in covering sofas, chair bottoms, and 
railway carriages. The first crinoline petticoats were made 
from horsehair, and hence the origin of the name (Latin* 
erinvm, hair). 
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The hair of the elk, ox, goat, and oainel is also extensively 
imported into this oonntry, and used for various pturposes. The 
hair pencils need by artists, and termed earners hi^ pencils, 
are composed of the fine hai^ furnished by the sable, miniver, 
marten, badger, and polecat, as well as by the camel. Th^ 
are usuaDy mounted when small in quills, and when larger in 
tinned iron tabes. A good hair pencil is known by forming a 
fine point when moistened and drawn through the lips, all ^e 
hair* uziiting in its formation. 

The qm^ti^ of hair imported for the use of our mann- 
faotarers in ifiSfi waa-^ 


Cwt. Valna 

Ox and elk 83, 9U £124,648 

Horse 19.987 150,206 


Bristle* are the stiff, glossy hairs growing on the backs of 
wild and domesticated swine. They are used in the manu- 
facture of brushes for the hsir, clothing, teeth, and nails. 
Eussia is the great mart for bristles, those of the 
Ukraine being most esteemed; France also yields consider- 
able quantities. Bristles are of various colours — black, grey, 
yellow ; but the kind called the lily, on account of its silvery 
whiteness, is the most valued, and is used chiefly for shaving 
brushes, tooth brushes, and the softer desoriptions of hair 
brushes. In 1886 British imports from the rest of Europe 
amounted to 2,068,876 lbs., valued at ^8296,193 ; from China 
(exclusive of Hong Kong), 280,106 lbs., valued at £31,698; 
from the United States, 79,717 lbs., valued at £5,502; from 
other foreign countries, 2,597 lbs., valued at £220 ; from Bri- 
tish possessions, 234,713 lbs., vedned at £83,626 — making a 
grand total of 2,660,509 lbs., valued at £367,239. 

The Porcupme (Hyetrix crietata, L.). — This animal is found 
throughout Southern Europe, and allied generic forms exist in 
North America. The porcupine quills sold in England are 
chiefly obtained from the European species, which is not 
common ; therefore the quills are expensive. Work-piercers or 
eyeletteers for ladies, penholders, toothpicks, fish-floats, and 
fancy workboxes, are made from these quills. 

YlUt.— HOBNS AND ALLIED SUBSTANCES. 

I. — HORNS. 

In zoology, all hard and more or less elongated prooesses 
projecting from the head are called horns. These natural 
weapons are either solid bone only, when they are called antlers, 
as in the stag ; or they are oomposed of bone and horn, as in the 
sheep, goat, and ox. Homs of the latter kind consist of a 
hollow bony basis or core, on the surface of which is secreted 
a number of thin layers of true homy material. In the case of 
the giraffe, the horns consist of bone covered with hair, and are 
not deciduous. The horn of the rhinoceros is a mere appendage 
of the skin, and consists of homy fibres or hairs matted to- 
gether. The antlers of the stag are shed annually, their fall 
being coincident with the shedding of the hair. True horns, or 
those which consist either partly or entirely of homy material, 
are never shed. 

Chemically considered, horn may be regarded as intermediate 
in oompoaition between albumen and gelatine, with a very small 
per-oentage of earthy matter. There is a graduated connection 
subsisting between the substance of horns, nails, claws, hoofs, 
feathers, soideB, hair, and even skin. The animals that supply 
horn for our manufactures are principally oxen, bulls and cows, 
goats and sheep, their horns being preferred on account of 
superior whiteness and transparency. 

The first process in horn manufaeture consists in effecting a 
sepacration of the true h ^rn from its bony basis. This is aocom- 
plisbed by macerating tiio horns in water, which oanses putre- 
faction of the membrane lying between the core and the homy 
sheath, and renders the former easily separable from the latter. 
The horn then goes through the processes of scalding and roast- 
ing, which soften it, and render the laminss capable of separation 
fri>m each other. It is next slit with a strong pointed knife ; 
and by the application of a pair of pinoexs, one to each end of 
the slit, the cylinder or cone of horn is opened until it is nearly 
flat. These flats are then placed on their edges, vertically, in a 
strong iron trough, havifig between them plates of iron, hsdf an 
inch Wck and eight inches square, which have been previously 
heated and gre as e d. These platM are now powerfully com- 
pressed by means of wedges driven in at the ends, the degree of 
pressure depending on ^e nse to be made of the horn. For 


the leaves of lanterns, it most be sufficiently strong to break 
the grain or cause the laminm of the horn to separate a little, so 
as to aJlow of the introduorion of a roimd pointed knife between 
them, to oomplete the separations for combs, a very slight 
degree of compression is enough, otherwiee the breakuig of the 
grrin would cause the teeth of the oomb to split at their points. 
The sheets of horn are next removed from the press and placed, 
one at a time, on a board covered with bull's Mde, secured with 
a wedge, and scraped with a draw-knife, having a wire edge 
tamed by means of a steel rubber. When reduced to the 
proper thioknesa, the horn platee are polished with a woollen 
dipped in charcoal powder, a little water being added from 
time to time; they are then mbbed with rottenstone, and 
finished with horn shavings. 

When combs are ordered which are too large to be made 
from a single plate of horn, two or more plates may be united 
by the skilfal application pressure and of heat, sufficient to 
melt the horn ; and when well managed, the line of union 
oannot be detected. The Chinese are very skilful in this kind 
of work, as is evident from their large globular lanterns, some 
of which are four feet in diameter, and which are made of small 
united plates of ooloured and painted horn. The painted toys 
known as Chinese sensitive leaves, which the heat of the hand 
or of a fire will cause to curl up as if alive, are made from the 
beat of the thin films of hem scraped off the plate by the draw- 
knife. 

Horn is easily dyed, as can be seen in the above-named 
lanterns of the Chinese. In Great Britain it is usually ooloured 
of a rich reddish-brown, and spotted to imitate tortoise-shell. 
This is effected by boiling together, for half an hour, a mixture 
of red-lead, poarlash, quicklime, and a little pounded dragon’s- 
blood, and applying the mixture hot to the parts of the horn 
4rhioh it is intended to oolour. If a deeper oolonr be required, 
a second application of the above mixture must be made ; and 
for a blacker brown, the dragon's-blood is omitted. 


AGRICULTURAL DRAINAGE AND 
IRRIGATION.— IV. 

By J. Wbightsoh, Professor of Agrioulturo, Royal School of Mines. 

VARIOUS METHODS OF DBAINAOX. 

The various methods of drainage employed owe their ezistenoe 
to facts duly considered in the last lesson — namely, the diffe- 
rent oharaoters of soil with which the drainer has to oope, and 
the three modes in which land suffers from wetness, f^t lot 
us glance at the method practised by Mr. Elkington in the latter 
portion of last century. That Mr. Elkington’s method of pro- 
cedure in draining land attracted general attention is clearly 
shown by the fact that, as soon as the Board of Agriculture 
was established, and in consequence of a motion made by its 
President on tlie 10th of June, 1795, the House of Commons 
voted an address, ‘’That His Majesty would be graciously 
pleased to give directions for issuing to Mr. John EU^gton, as 
an inducement to discover his mode of draining, such sum as 
His Majesty in his wisdom shall think proper, not exceeding 
the sum of £1,000 sterling.” 

As Mr. Elkington’s health y^as at that time failing, the Board 
resolved to send Mr. John Johnstone on a visit of inspection 
with the great drainage authority, to report on all that he saw 
in his tour. Such was the origin of the volume which oontainf 
the only account of the work of a remarkable man and a loader 
in agricultural improvement. A new edition appeared in 1841, 
from which we gather the following information ; — ^In the year 
1763, Mr. Elkingrton was left by his father a farm called Prinoe- 
thorp, in the parish of Stretton-upon-Dunsmore, in Warwick- 
shire. The soil of this farm being poor and wet, as well as 
unsound for sheep, he determined to drain it. He commenced 
with a wet clay field, which was almost a swamp, and in some 
^ places a shaking bog, in consequenoe of springs issuing from 
an adjacent bank of gravel and sand. In order to drahi this 
field, a trench was out a little below the upper margin of the 
bog, about four or five feet deep. This trench ran piu^el with 
the bank of sand just named, and after proceeding with it for 
some distance in this direction, he found that the main source 
of the water was evidently not yet reached. While considering 
what plan to pursue, a laboum happened to oome into the 
field tax iron crowbar, an implement commonly used in 
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malriTig holes for hurdleHBtakes in folding lidieep on the land. 
Mr. Elkmgton, snspeoting that his drain was not deep enough, 
and wishing to know what kind of stratum lay under it, took 
the bar and forced it down about four feet below the bottom of 
the trenoh. On withdrawing it, to his astonishment a great 
quantity of water burst up through the hole he had thus made, 
and ran down tiie trenoh. This singular eiq>erienoe was the 
first of a series of similar trials and suooesses, which, since 
they can only be associated with a particular arran^ment of 
the superficial strata, need a few words of explanation. The 
diagram ifiiown in i^g. 2 represents the section of the field in 
which this remarkable discovery was made. It will be observed 
that the upper portion of the sloping ground forming the field 
is of gravelly and sandy character, and that at some distance 
beneath the surface is a clay bed, which would offer an obstruc- 
tion to tile downward passage of water. Upon it, then, water 
will accumulate. It will also be pent in by the clay and peat 
bed shown in the diagram. The water then rises uni^ it 
reaches a point over which it can overflow, and tMs it does in 
the form of springs along the line which indicates the higher 
water level. The consequence is that the land on the surface 
immediately below this outlet of springs is rendered wet and 
boggy, until in its downward passage the water once more 
meets a porous rook, through which it disappears, still following 
the line of clay and leaving the surface d^. This, then, was 
the state of the field when Mr. Klkington undertook to drain it. 
The trench shown in the' figure was out parallel with the line 
of outbursts of springs, but it was not deep enough to reach 
the real source of wetness. It was at this point that the auger 
was found useful. 

Piercing below the bottom of the trench, the water-bearing 
stratum was tapped, and the withdrawal of the crowbar was 
followed by a rush of water, at that depth under considerable 
pressure. It is dear that the consequence of this liberation 
would be the lowering of the water-table from the higher level 
down to the level of the bottom of the drain. The springs 
would Immediately be dried, and the land below rendered sound. 
This, then, was the principle of Blkington’s mode of draiiung 
— a method requiring an alternation of porous with tenacious 
strata, and evidently unfitted for soils wet from direct rainfdL 
Great sagacity, gained only by experience, and assisted by con- 
siderable gedogioal knowledge, is requisite before it can be 
successfully applied, even in situations where it will bo most 
likely to succeed. These qualities were posses^ by Mr. 
Elkington in a marked degree, insomuch that his power of 
tracking a spring to its source appeared almost instinctive. It 
is not our intention to enter minutely into this system of 
drainage. The case of the field in which the discovery above 
described was made is a key to the method used by Mr. Elking- 
ton in countless other oases. • Thus, if we examine carefully 
the nineteen plates illustrative of these drainage works found 
in ,Mr. Johnstone’s work we shall find an almost tedious repeti- 
tion, and occasionally an dmost incredible arrangement of 
strata. All, however, point to the same principle — ^namely, 
that where land is wet from the accumulation of water upon 
a day, and its rising until it finally bursts out in springs 
wetting the surface, under such oiroumstanoes the land can 
only be dried by an arrangement of trenches which will attack 
the source rather than “^e supply of water. One more case 
is, however, of interest, and that is where water is afforded an 
artificial passage through a day into a porous stratum 
beneath, and thus got rid of. This is a method of drainage 
which may occasionally be carried out where there is a diffi- 
culty in finding a surface outlet. In such a case, if the under- 
lying strata are suitable, a hole may be bored through the 
retentive material which bears up the water down into the 
underlying porous rook, which will then be used as an outfall 
for surface water. Lastly, the auger or boring apparatus must 
not be' looked upon as involving any principle, but merely as 
saving excavation. In all oases deepening the trenoh would 
answer equally well as a means of reaching the water-bearing 
stratum, but this is done by a boring implement with lees ex- 
penditure of labour. 

The late Mr. Smith, of Beanstone, is credited with haviz^ 
originated the system of drainage usually employed at the 
present time. £Qs practice was given to the world in 1828, 
and since then it has been modified by the materials used in 
constructing the undeegroond channel rather than in any point 


of arrangement. This system is essentially uxiiform. Assum- 
ing that the source of wetness is oo-extensive with the land, 
the Beanstone method consists in laying down a regular system 
of underground drains at equal distances apart and of equal 
depth. As these ohannris very fraquently follow the line of 
ridge and furrow used in ordin^ cultivation, the system has 
obtained the name of ** furrow draining,” and because it pro- 
poses to thoroughly and uniformly dry the soil, it has 
spoken of as ” thorough draining.” These furrow drains enter 
a common channel of larger aise, which is called the ** mahi 
drain,” and this carries the accumulated water of all the furrow 
drfiins to a suitable “outfall.” The arrangement of furrow 
drains, connected at their lower extremities with main drains, 
has suggested the name of the “ gridiron system,” and the 
fact that furrow drains occasionally are made to enter on both 
sides of a main has conferred the title of “herring-bone” 
upon this system of drainage. We notice these various desig- 
nations because they will enable the reader to at once realise, 
and without any difficulty, the main features of the method of 
drainage which, from the name of its inventor, is known aa 
the Beanstone system. 

At a future time we hope to minutriy describe the drainage 
of a field, and to consider every possible difficulty that may be 
met with. The following brief sketch must, however, for the 
present suffice. 

A snitable ontfall is the first care of the drainer, and this 
he will make at the lowest point of the system of underground 
pipes. The next matter to be considered is the main drain, 
which extends from the outfall and follows the lowest line 
of ground, either along the foot of a hill or the bottom of a 
valley. Then we have to fix the position of the furrow 
drains, following, as a rule, the line of greatest slope, and 
entering upon one or both sides of the main drain as may be 
determined by the contour of the ground which it is desired to 
relievo of surplus water. 

Such is the general plan, which hardly requires further 
illustratiou. The outfall should be made at a sound point in 
tbe bank of some neighbouring open wateroonrae, where there 
is no danger of the bank being washed away by the restless 
stream. Neither should outlets be m^tiplied, since each may 
he looked upon as a point of weakness, liable to invasion from 
animals and injury from accidents. Further, they must be 
made strong and secure, furnished with an iron mouth extend- 
ing a few feet in the direction of the drain, fenced with an iron 
grating, and faced up with mason-work. One outlet ought 
to suffice for ten acres of land. With regard to main drains, 
they must be large enough to hold the water sent down to 
' them from the farrow drains. They should also be a few iuohes 
' deeper than the smaller drains, and this extra depth must be 
used to secure a rapid fall of the furrow-water into the main 
drain. Furrow drains, moreover, must not be maAe to enter 
the two sides of a main exactly opposite to each other, but 
alternately. 

Again, there occur cases in which the bottom of a valley is flat. 
Here the fall of the furrow drains will end before they reach 
the main drain, and the consequence will be a check to the 
flow of water. A double main drain must in such oases be 
made. Each recurring farrow drains only on one side. Such an 
I arrangement will secure the drying of the intervening space 
between the mains, as these will act just in the same way as 
ordinary drains upon the soil in their immediate vicinity. 
The chief points to decide with reference to farrow drains 
are their depth and distance apart, which will be governed 
in every instance by the character of the soil that is to 
be drained. As, however, some of the points that we have 
just brought under notice will receive further elucidation, 
we shall reserve them for more oomplete disoussion when we 
consider the details of drainage work. 

XATXBIAL8. 

Any material will suffice for the underground channel which is 
cheap, portable, durable, and, at the same time, fitted for allowing 
water a free passage. A passage for water is, indeed, all that 
is requisite, and hence the fact that draining has been and is 
often practised without the help of any extraneous material, 
the sides of the channel being formed from tbe earth itself, 
just as the rook perforated by a tunnel, or the sand pierced by 
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^Outlet of Springs. 


a rabbit, forms of itself the wall of the aperture. Among 
the most evanescent materials which have been used are thorns. 
Although thorto, when protecto<i from changes of temperature 
and from the air, remain in activity longer than we might expect, 
yet after incurring the expense of digging the trenches it is 
exceedingly unwise to use them, as they cannot be looked upon 
as forming permanent channels for water. Captain Walter 
Blythe recommends “ good green faggots, willow, alder, elme, or 
lihorne,” which, together with stones, were about the only ma- 
terials of a lasting character to be had at the time. Mr. Smith 
of Doanstoiio, so late as 1823, named stones, broken to such a 
size as to pass through a throe-inch ring, os suitable material for 
furrow drains, but preferred water-worn or rounded pebbles 
when they could be obtained easily. The receiving or main 
drains were to be formed of a culvert of stonework or of tiles. 
Where there is an abundant supply of stones in the immediate 
vicinity of the drainage works, it may even at the present day 
bo economical to use them as drainage materials, and if well 
handled there is no reason why they should not make an 
efficient channel. 

Stones may be built into a square or a three-sided A or 
V-formed culvert. They may be also broken and placed in 
the bottom of a trench. In this case a harp or screen is 
used for separating the large from the smaller stones, the 
larger being placed 
at the bottom, and 
the smaller forming 
the top of the 
channel. This ar 
rangoment prevents 
the infiltration of 
earth and final 
stopping of the 
drain, which would 
be unavoidable if a 
reverse order of dis- 
position was used. 

The security of the 
drain is also further 
ensured by a layer 
of straw on the 
top of the smaller 
stones, which as it 
decays will form 
a protective coat 
between them and 
the loose soil above. 

The draining tile 
is by far the best 
material for the pur- 
pose, and as it has passed through several modifications of form j 
it will be well to glance at its history. The first efforts to maim- 
faoturo draining tiles resulted in cumbrous and expensive fabri- 
cations, having few if any points to recomraoiid thorn when con- 
trasted with stone drains, 'rhey involved the same wide trench 
— one of the most fatal failings of stones as a drainage material. 
The modern pipe allows of the minimum amount of digging in 
forming the trench, and this is one of its leading advantages. 

The horse-shoe — or, as it might with propriety be named, 
the U-formed — tile appears to have been used as early as 
1760 at Crandesburg HaU, in Suffolk, by Mr, Charles Lawrence, 
the owner of the estate (Uisbomo), and those, with slight altera- 
tions and improvements in form and material, were used until 
very recent times. This tile was open to two serious objections. 
Its horse-sboc form was a cause of weakness, as when the sides 
of the trench V>ogan to be pressed inwards by lateral pressure and 
the swelling of wet clay, the tile was apt to break longitudinally 
along the crown. Ajiotbor source of failure was from the 
pressing upwards of the bottom of the drain, owing also to the 
weight of earth on either side. This upward pressure, combined 
with the wearing action of water in the drain and the gradual 
settling of the tile, soon caused an interruption of the channel, 
the tile becoming full of earth. An attempt was made to over- 
come this failing by forming a round or rather elliptical drain, 
placing two horse-shoe tiles one above the etlier, the lowermost 
one being upside down, and “ soles were also introduced for 
the purpose of preventing the sinking of the open tile. Still 
the breakage of the tile from pressure continued, and rendered 




the work liable to failure. The next improvement consisted in 
making the tile and solo in one piece, forming a D-shaped tile, 
and thus the way was prepared for the last .important innova- 
tion, the round draining pipe. So far back as sixty to seventy 
years ago, pipes for land drainage were concurrently used by Sir 
T. Wichooto, of Asgarby, Lincolnshire ; Mr. E. Harvey, of Epping; 
Mr. Boulton, of Great Tow; and Mr. John Bead, at Horsemonden, 
Kent. Mr. Boulton’s were one-inoh pipes, and it is an inte- 
resting fact (which we derive from Mr. Gisborne’s valuable essay) 
that these were made of porcelain by Wedgwood at Etruria, 
showing that in the same works where exquisite medallions and 
vases of a character adapted to elevate public taste wore being 
executed, attention was also being given to the development of 
a less beautiful but equally important manufacture. The 
general adoption of pipe-tiles did not, however, take place for 
some years later. In Vol. IV. of the Eoyal Agricultural Society’s 
Journal for 1843 two excellent papers appeared upon land- 
drainage, the first by Mr. Thomas Arkell, of Stratton St. Mar- 
garet’s, Swindon, and the second by Mr. Eobort Beart, but in 
neither of them is any other tile mentioned or figured, but the 
ordinary horse-shoe tile with solos. 

In the same volume is to bo found a report by Mr. Josiah 
Parkos, consulting engineer to the Society, upon drain-tiles 
and drainage. “The Sf>cioty had offered a premium of ten 

sovereigns for the 
drain - tile which 
should fulfil certain 
specified condi- 
tions, but it was 
found quite impos- 
sible in the show- 
yard to authenti- 
cate the facts 
required j conse- 
quently this prize 
was not adjudged.** 
A silver medal was 
awarded by tbe 
judges to Mr. John 
Read, 35, Eegent 
Circus, Piccadilly, 
for specimens of 
cylindrical or pipe 
tiles invented by 
him. These tiles 
were from 1 to 2 in. 
internal diameter, 
twelve inches in 
length, and were 
offered at .£1 to 

14s. and £1 18k. per tliouKand. “It does not appear,” writes 
Mr. Parkes, “ that pipes have been anywhere used for land 
drains at a period more remote than thirty-five years since, 
about which time Mr. John Eoad made and employed them, 
when servant to the late Rev. Dr. Marriott, of Horsemondon, 
in Kent. These were about three inches in diameter, and were 
made by bending a sheet of clay over a wooden cylindrical 
mandril. This simple form of tile was well adapted for a more 
rapid mode of manufacture.” 

It would occupy too much space to enter at any length 
into particulars regarding the different machines which have 
been brought out for perfecting the manufacture of tiles. Mr. 
Pusoy relates, in Vol. III. of the Royal Agricultural Society’s 
Journal (1842), how the cost of tiles had been a great check to 
their employment, and how, about two years previously, while 
40s., 50s., and 60a. per thousand were paid for tiles in the south 
of England, Mr. Beart, of Godmanchostor, hod five years before 
invented a Bim]>le machine by which he hod reduced the pric ' 
of tiles from 408. to 22s. throughout Huntingdonshire. The 
Marquis of Tweeddale followed with a most ingenious machine, 
and at the Bristol meeting Mr. Irving exliibited an apparatus 
for the same purpose. Formerly tiles, whether cylindrical or 
horse-shoe shaped, wore perforated with oooasional holes to 
allow water to enter easily. This is, however, quite unneces- 
sary, as water will have no difficulty in penetrating through the 
porous material of which they are formed, and when wo re- 
member the joints which occur between each tile, it is evident 
that there is enough space for its entrance. 
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COLOUR.— III. 

By PROrsssoB A. H. Cbuach, M.A., Boyal Academy, London. 
PBOBUCTION OP COLOUB BY TBAM8MI8SION) JBTC. 

RELATION OP COLOURS. 

'-lHE absorption r-nfl reflection of light are very olgeely rolatod, 
yet there are many coloured bodies whioh instead of absorbing 
some rays and reflecting others, transmit those rays whioh they 
do not reflect. Even a third condition exists, in which a sub- 
stance reflects some rays of the incident light, transmits others, 
and absorbs the remainder. We may now briefly consider the 
production of colour by those three methods. 

Lot us suppose a 6ub3::a.'uoe whioh appears 
ted by reflected light and red also by trans- 
mitted light. Of the white light whdoh has 
fallen upon it and whioh it has decomposed, 
it has absorbed or quenched all the colours 
save the rod ; while of the red it has trans- 
mitted part and reflected part. But the 
instances in which a substance appears of a 
very distinct colour owing to 
reflection arc rare. A few 
metals may be cited as ex- 
amples along with such sub- 
stances as murexido, magne- 
sium platinocyonido, potas- 
sium permanganate, and 
indigo. The yellow colour of 
gold is due to scloctivo re- 
flection. A plate of this inctal 
reflects much of the incident 
light unchanged, but it quen- 
ches in another portion much 
of the violet and other very 
refrangible rays, and so leaves 
the residual red, orange, and 
yellow rays to produce their 
colouring effect. It might 
seem likely that gold would 
transmit when in sufficiently thin 
leaves all those coloured rays which it 
does not reflect. This is true to a 
great extent ; still the gi’ass-grceii 
light which a loaf of gold transmits is 
not perfectly comidorriontary to th(j 
orange-yellow which it reflects, some 
of the constituent rays of the original 
white light having been absorbed. 

Solid indigo affords us a similar ex- 
ample of selective absorption and re- 
flection. If a lump of pure indigo bo 
pressed with an agate burnisher, a 
copper-coloured streak makes its ap- 
pearance. As long as the substanoo 
of the indigo is not coherent— 'that is, 
as long as it is in minute powdery 
particles — so long it shows no symptom 
of a oopper-ooloured reflection, but is 
blue. Now the blueness of powdered in- 
<ligo thus seen by reflection is not really 
produced by or in reflection, but rather during transmission of 
light from particle to particle of the powder. A chromatic 
.selection is thus mode, and the light finally reflected to the eye 
has been deprived of several of its coloured elements. Increase 
the ooheronoe of the blue indigo powder either by pressure, or 
by the ohcmical process of sublimation, by which crystals may 
bo formed, and then, though the transmitted light will remain 
blue as before, the reflected light will be chiefly copper-coloured, 
having been ^prived by reflection itself of its blue and some 
other constituent rays. The foregoing facts often suffice to ex- 
plain the great difference in colour between a solid substanoo 
and its powder. 

Substances whioh are commonly regarded as transparent are 
never perfectly so. For instance, water, flint glass, and roek 
crystal do not permit all light-rays to travel freely through 
them. Some substances, such as solutions of the rare metal 
didymium, and specimens of the mineral known as zircon, absorb 
or cut off several of tlie rays of solar light, and yet do not 


1 appear perceptibly coloured. The residual transmitted rays in 
j such oases suffice to produce white light. Very thin layers of 
oolourod substances, such as films of tinted liquids, may seem 
colourless, and yet, when we increase their thio^ess, colour be- 
j comes perceptible. Not only does colour become perceptible, but 
the colour varies with the thickness. A crystal of blue vitriol 
shows on its thinnest edges a greenish tint, whioh alters to a 
pure blue in the mass. Suoh a change as this is easily ex- 
plained. A thin plate of blue vitriol transmits all the blue, a 
good deal of the green, and a very little of the remaining rays of 
. the spectrum. & we double the thiokness of the plato 

effect is increased, not in arithmetical but in 
geometrical proportion. Ultimately, by the 
extinction of all the rays save the blue, the 
transmitted light becomes sensibly a homo- 
geneous blue. A very easy mode of observing 
the striking differences in colour between thin 
and thick layers was devised by Professor 
Stokes. A fine slit (one-fiftieth of an inch 
across) between two blackened metallic edges 
adjusted vertically in 



Fig. 4. 



Fig. & 


IS 

blackened piece of board ; 
behind the slit is a source of 
light, such as a bright flame 
or the sky. Hold the prism, 
having an angle of 60", 
against tho eye ; by adjusting 
the position of tho prism a 
pure spectrum will be ob- 
lainod, showing, if solar light 
bo used, tho principal fixed 
lines. Now, to observe the 
absorption of any liquid, fix a 
test tube or flat cell contain- 
ing the liquid to be examined 
btihind tho slit. Bogin tho 
experiment by using a very 
j^aJe solution, and then gradu- 
ally increase the strengrth, 
noting tho gradual appearance of dark 
lines or spaces in the spectrum and 
the blotting out of colour after colour. 
If a wedge-shaped trough be used to 
hold tho coloured liquid behind tho 
slit, it may be gradually moved so as 
to interpose thicker and thicker layertr 
of tho coloured liquids, and thus to 
produce the same results as those ob- 
tained by gradually increasing the 
strength of the solution. This method 
is of service when we wish to know the 
result of diluting any coloured liquid 
which has to be employed for artistic 
purposes. Thus, it will bo found that 
some rods, when diluted, instead of 
becoming pink, pass through orange 
to yellow ; while 8t:>mo blues, instead 
of becoming paler blues when weak- 
ened, become either green on tho one 
hand or violet on the other. 

We turn now to tho re-composition of white light from its 
constituent elements. There are several ways of accomplishing 
this result. If wo receive tho spectrum of coloured rays pro- 
duced by one prism on another precisely similar prism, but in- 
verted (Fig. 4), the emergent beam, E, will be white. The con- 
centration of a spectrum by a bi-convex Iona or a conoavo mirror 
gives a white and not a variegated image. Or the seven so 
callod principal colours of a spectrum may be received upon 
seven little mirrors (as shown in Fig. 6), and then these mirrors 
may bo so adjusted that their separate images are Buperposed. 
In this case also a single white image is obtained. 

A less porfefot mode of re-uniting colours so as to form white 
may bo accomplished in the manner suggested by Newton. A 
disc (Fig. 6) is painted in radiating segments with tho nearest 
approach afforded by pigments to the seven colours of tho spec- 
trum, the centre and edges being made black. Tho relative areas 
of the several colours must be adjusted so as to correspond as far 
as possible with tho normal spectrum, introducing, however, such 
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diffare&oei as the imperfeotions of the pi^n^ients uaed many de- 
mand. As rod, green, and bine are the most prominent oolours 
of the Bpeotmxn, they shonld be uaed in larger proportion than 
the orange, yellow, indigo, and violet. Indeed, a very reapeot- 
di>2e kind id whitish grey may be obtained by the use of fewer 
colours than seven ; but of this point we shall have occasion to 
spcAk more de^tti^ ii^hor on. The best pigments, however, 
even when u#ed in proper proportions, do not produce a per- 
fect white Whisn the disc paint^ with them is rapidly revolved 
(see retina reoeives in quick euo^sesion the 

impiewiion m ilie whole series. AU coloured bodies absorb much 
light and do not reflect really homogeneous rays, and a grey 
is the result. If several senes of similarly colouiad segments 
be painted on the disc the grey more nwly approaches white. 
In the latter case the eye receives aimultaneonsly the impressions 
of the several colours, and so the effect does n^ whefl^ depend 
upon the long persistence on the retina of these impressions. 

We may now turn our attention to the mutual relations of the 
^veral* oolours. 

Beterting for a moment to the pure solar spectrum obtained 
by means of a prism and a slit, and with the exclusion of all ex- 
traneous light, wo may first of oU notice that it consists mainly 
of three colours — ^red, green, and blue. These coloured bands 
occupy by far the largest area of its most brilliant portion. The 
orange, yellow, and sea-green, though more brilliant, are very 
limited in extent, wliile the indigo and violet region of the 
speotrum is much loss conspicuous. Now for many praotioal 
purposes tho theory <'f tho existence of only three primary or 
elementary colours will bo found very useful. The selection of 
these primary oolours has, however, been far from unanimous, 
one set of obocrvors choosing scarlet, green, and blue, another 
yellow, red, and blue. Nearly all writers on the artistic aspects 
<jf oolours, such authors as Chovreul, Field, Redgrave and Hay, 
have accepted the latter selection ; but though it undoubtedly 
affords an easier means of Btnd 3 ring the nature of the mixed 
oolours which pigments and painta afford, it is but partially 
supported by experiments with the pure colours of the speotrum, 
and in some points is positively contradicted by them. The 
rival theory, in which the tliree primaries assumed are scarlet, 
green, and blue, has been profoundly studied by Maxwell, and 
has been made the basis of a small treatise on tho soionce of 
colour by Mr. W. Benson, a London arohitoot, who has done 
■much to further tho aoeeptanco of ■this comparatively modern 
theory. We shall proceed to give an outline of both views as to 
tho relations of tho oolours of tho spectrum j thus our readers 
will bo able to form their own judgments on the two theorio.s. 
For OUT own part we regard Maxwell’ a experiments as conclu- 
sively proving most of the positions ho has laid down when pure 
coloured lights are tho subject of comparison and experiment. 
Yet in actual work with pigments thomsolvos, the older theory 
affords a more immediate, though often a loss exact, answer to 
any question wliich may arlso. 

In order to study tho primary or simple, and the secondary 
or mixed oolours, several methods may be pursued. We here 
name throo of tho most important of those methods. 

'Pint two pieces of impcr with tho two colours to be examined, 
]^laoe tho coloured pieces an inoli or two apart on a piece of 
hlaok velvet, and sot up, equidistant between them, a slip of 
thin, colourless pluto glass ; tlion adjust the eye so that one 
coloured patch may be seen by rofioctioii from the near surface 
of the glass, coincident with the other patch as ween directly 
through tho glass. By inclining tho glass tho reflected image 
of one colour may bo altered in intensity, and so tho relative 
proportions of tho two oolours may bo varied at pleasure. 

Another plan, devised, like tho last, by Helmholtz, consists in 
obtaining two intorsci^stnig spectra. Two cloain-odged narrow 
slits, forming togc*ther a riglit angle, thus V. are made in a 
motoUio plate. When this oomi)ound slit, brightly illuminated 
from behind, is viewed by means of a prism about twelve feet 
off, two overlappitig spocitra will bo seen, the prism being held 
vertically. As each coloured band of one speotrum crosses all 
the coloured bands of tho other, tho result of combining two of 
■tho spectrum colours together may be studied. For this pur- 
pose it is desirable to employ solar light, tho fixed lines of 
which afford a moans of identification of the several colours, 
and may bo readily seen in the above-named spectra by means 
of a tolesoopo. Tlic telescope is furnished with cross witfs, and 
a diaphragm for limiting the field of view, placed a short dis- 


tance from the eye-piece of the tolesoopo an<l close to the eye. 
A third slit may bo used, if it bo desired to unite three ooloured 
rays. A modification of this method of producing overlapping 
spectra consists in cutting out from a piece of white cardboard 
three pieces of the shape indicated in Fig. 8 by the black 
spaoes. Thojperforated cardboard, which shouhl be of large size, 
is placed in a bright light with a piece of black velvet below it. 
It is then to be viewed six or seven yards off with a prism having 
its refracting angle turned away from the eye, and placed at tight 
angles wiih tiie edge a b of the cardboard figure. No description 
can give an idea of the beauty of tho 
overlapping spectra thus produced. The 
results obt^ned by Helmholtz and Max- 
well, by means of experiments conducted 
by the method of overlapping spectra, 
win be described below. 

A -third method of oombining colours 
is by means of a revolving disc such 
as that represented in Fig. 7. The disc 
may be painted with the oolours it is 
desired to oombine, and then rotated. 

Of course the proportions of the colours 
used may be varied not only by painted 
segments having different areas, but by 
the superposition ot a second or third 
disc upon the original one, the additional 
discs having segments of different arean 
cut out, and being themselvos either 
white, black, or ooloured. The vnr' 
kinds of colour-tops and kalei(lo8cu])io 
tops may be used for these experiments. We may now give 
the chief results obtained by Helmholtz and by Maxwell, by 
means of the first and second methods abo-^'o described, premising 
that the statements refer to the coloured rays of the pure spec- 
■fcrum, and not to those of pigments. 

Helmholtz concludes that tliore are five primary colours. 
These are red, yellow, green, blue, and violet. With these, two 
or three together, aiid in various proportions, he obtained nearly 
perfect representations of the mixed colours. Many combina- 
tions of three of them yielded white light, A great range of 
mixed colours may bo ob'bainod by variously combining rod, 
gi'een, and violet. Helmholtz considers those throo as affording 
bettor rosnlts than red, groon, and blue, which Maxwell regards 
as tho only essential primary colours, and as infinitely prefer- 
able “to the older solootion of red, yellow, and blue. With 
regard to the mixture of colours, it appears that the following 
are among the most important of Helmholtz’s results ; — 

Bed + bluisli-groon =r yellow. 

Bed + bluish- groon + iudigo 

Bod -f greenish-blue 

Yellow + indigo 

Orange -f blue 

The two must remarkable of these results are tho facts that 
red and bluish-green make yellow, and that yellow must there- 
fore bo regarded as a compound colour. When this yellow is 
united with the deep blue caHod indigo, it produces white. Here 
we have two conclusions quite opposed to tho result obtained by 
mixing pigments. Wlien vermilion and emerald groon are 
mixed, a grey with merely a suspicion of yellow is the product. 
When chrome yellow and indigo are mixed, a distinct green is 
the product. We have before alluded to tho causes of such 
discrepancies, but may now explain them so far os relates to 
the examples jnst cited, since these are typical cases of the kind, 
and illustrate the “two chief points in which the now theory of 
primary colours differs from the old. Vermilion reflects chiefly 
red and yellow light to the eye ; emerald green chiefly green, 
but also a Httlo blue and yellow. Mix these ooloured powder.? 
together, and most of the rod, green, and blue they reflect, 
long as separately viewed, is either absorbed or re-combined 
into whiteness, little else remaining but tho small quantity of 
residual yellow rays oommon to both. Similarly with chromo 
yellow and indigo ; the chief colour they reflect in common is 
green, and so most of the other rays which they reflect when 
separate are either quenched when they arc mingled, or over- 
powered by tho combined and enhanced effect of the gfreen 
oommon to both pigments. 

Wo shall proceed in our next lesson with tho account of the 
new theory of colour by giving some of Maxwell’s results. 
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ELECTRICAL ENGINEERING.—VIII. 

BT EDWARD A. O’KEEFFE, B,E., A.S.T.B., 

BemolUBtrator in XJleotrical EngineerlnF, City and Guilds of London 
Teolknical College, Fin«bury« 

PBIMABY BATTSSiaB. 

Class I. 

OSLXiS tK 'WHICH KO ATTEMPT IS MADE TO PBBFBNT 
POLARISATION. 

The cell desoribed m Chapter YI. (Figs. 8 and d) is the typical 
cell of this sedtion ; all the prinoiples there explained (p. 148) 
apply eqnall;^ to all those oeUa which follow, and which are no 
more than so many ingenious modifications of it, designed for 
particular purposes. , 

VOLTA’S PILE. 

The first cell that claims attention under this section is 
Volta’s File. It was invented by Volta about the year 1799, 
and is of great historical interest, as being the original form of 


pieces of wood spirals of zinc ' and copper wire carefully in- 
Bulaied from one another, and termina^ting in hooks which 
enable them to be connected to the corresponding hooks be* 
longing to the metals of the next cell. A large number of these 
small cells forms the chain. Three of them are sho?m on a 



the primary battery. It consists 
S 1^) of a series of discs of zinc 

If ]| and copper, separated by discs of 

k flannel which have been dipped in 

* acidulated water, and piled up one 
upon another in a wooden framework 
so os to have the appearance of a 
pillar. The lowest disc is copper ; 

Zxu upon this is placed the piece of wet 
fiantiol, and upon this a zinc disc. 

' This combination of materials forms 

I a complete cell, similar to that 

I shown in Pig. 8, witli the single 

f exception that the vessel oontain- 

I ing dilute snlphuric acid has been 

• ro placed by flannel moistened with 

! the same liquid. The r.m.f. of 

this element is of conrso small, and 
I in order to increase it to any de- 

sired amount a considerable num- 
ber of these discs may be used. 
Upon the zinc a piece of copper 
is placed, then wot flannel, tlien 
another zinc, and so on ; the order 
ClL -copper, flannel, zinc ; copper, 
I +• flannel, zinc — being adhered to till 

the pile is as large as is required. 
Two wires are soldered, one to 

the lowest copper and one to 

the uppermost zinc, which form 
the “polos” of the battery. 

Re. lO.-VOLTA’s TlhH. “pppor is the Iiuaiuvu, U.U 

zinc the negative polo, as is in- 
dicated in Fig. 10 by the letters 
Cu and Zn, whioli are the symbols for copper and zinc 
respectively. 

This battery or pile has a high e.m.p., owing to the 
number of separate cells of which it is made up ; but it 
possesses the following serious disadvantages ; — 

It hiM an extremely high resistance, and consequently it is 
impossible to get a strong current from it. 

The liquid quickly evaporates, leaving the flannel almost dry, 
when the pile practically ceases to work. 

The liquid from the flaunol runs down the surface of the pile, i 
and thus establishes com muni cation between the coppers and 1 
zincs outside the separate cells, as was done by the wire in 
Fig. 8. Small local currents are thus formed which work con- 
tinuously — oven when the pile is not supposed to be in use — and 
the zinc is thus uselessly consumed. 

Bright metallic surfaces should always be in contact with the 
flannel, which is almost impossible in the pile, owing to the 
difficulty of taking it to pieces to clean the metals. 

pulvekmacheb’s chain. 

Thw is a modification of Volta’s pile, and differing from it 
only in details of construction. It was introduced in 1857, and 
hjw been since used in medicine. It consists (Fig. 11), like . 
the piloi of a series of distinct cells, made by winding round ! 


Fig. 11.— pulvbemacheb’s chain. 

large scale in the lower portion of Fig. 11, from which the 
method of connection can be clearly seen. 

When it is desired to use this apparatus, it is immersed in 
vinegar and then withdrawn, the wood absorbing sufficient 
moisture to supply the aliment neoessaxy for the chemical 
action. 

cbdiebhank’s battbbt. 

Tliis consists (Fig. 12) of a long wooden trough divided into 
a number of separate oomportments by rectangular sheets of 
copper, to which are soldered a like number of rectangular 



Fig. 12 . — crdikshank’s battery. 

I sheets of zinc. The compartments are filled with dilute snl- 
I phnric acid, and into the first of them is plunged a sheet of 
copper to form the positive pole, while a sheet of zinc immersed 
in the last one forms the nogrativo pole. 

This battery has a comparatively low resistance, and can 
therefore bo used to supply fairly strong currents. The sul- 
phate of zinc — which is formed by the chemical action — being 
heavier than the Rulphnrio acid, falls to the bottom of the 
battery, thus allowing the zinc to be attacked by afresh portion 
of the acid. There is always a certain amount of local action 
in this battery, and in order to avoid a useless expenditure of 
zinc, the liquid should all bo poured out of the battery when it 
is not in use. 

WOLLASTON’S BATTERY. 

This is somewhat similar to Cruikshank’s battery, but 
possesses some distinctly important improvements. The cells 
are mode of glass or porcelain, and oontaiu dilute sulphuric 
acid. The motaJa are zinc and copper arranged in a peculiar 
manner (Fig. 13). A rectangular zinc plate (z) dips into the 
centre of the liquid, and round it is bent a copper plate, the 
two being kept apart by slips of wood. Connection is made 
from one coll to another by copper strips (o), which are eKilderod 
to the zinc of one cell and to the copper of the next, while the 
central portion of each strip is firmly attached to the movable 
framework k. This frame can be raised when the battery is 
not in use, thus lifting the metals out of the liquid, and avoid- 
the possibility of any unnecessary waste of materials due 
to local action, while it saves the labour of re-charging the 
cells with acid every time the* battery is required for use, an 
operation which has to be gone through when using Cruik- 
shank’s battery. The fact of the copper plates being bent as 
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tliawn, halves the resistanoe of the battery by increasing the 
enrface of the copper ; and this device has since been much 
need in different ty^ of oeUs. 

This cell polarises very <ituckly ; still, thongh its B.ic.i'. is 
considerably diminished, its resUtance is also so low that it 
can give a fairly strong current. When it has beomne com- 
pletely polarised, it can then be relied on to give a perfectly 
constant cavrOnt for a considerable time. This property has 



FlV. I WOLLASTON’S BATTKEY. 


boon rocognisod by thoao engaged in the electro-plating in- . 
diistry, who often use this battery when it is not dosired to ; 
deposit the metal too quickly, the battery being allowed to , 
continue working slowly and steadily tbrongb the night. j 


fi»om polarisation. By this means the time daring which the 
I cell remains in its more active state is prolonged, but, like the 
others, this cell also nltimately becomes polarised. Fig. 15 



Fig. 15. — smbb’s battkry. 

shows how these cells are nsnally oonneoted np, and the 
arrangement for lifting them out of the liquid when not actually 
in use. 

This cell is also expensive owing t( the negative element 
being silver, but this silver can bo replaced by lead without 
detriment to the coll. 


WHICH rOLARISATION IB PEEVENTKD BY | 
MRCHANICAL KBAN8. 

Hinoe polarisation is entirely duo to the aocumnlation of 
hydrogen bubbles on the negative element, it would seem at 
first sight as if to got rid of them by sonic mechanical dodge 
would be uo (llfluult matter; but exisirionco has proved 

otherwise. Blowing air through 
the liquid, keeping the liquid 
in constant circulation, making 
the copper plate in the form of 
a disc mounted on a spindle, 
which was continuously rotated 
so as to have half the plate 
always in the air, while the 
other half was in the liquid ; 
all these have boon tried, bnt 
with the same result — they | 
dirainiehod the, evil, but failed 
to get rid of it. 

The best attempt hitherto 
mu do to construct a battery in I 
w'liicb polarisation is partially | 
('liminated by mechanical moans 
is due to Smee, and his battery 
is in many respects a distinct 
advance on any of those de- 
scribed in Class I. 

smee’s battery. 

Pig, 14.— smke’k klkivient. Xhjg battery usually consists 
of glass voBSols containing 
dilute sulphuric arid ; the po.ritivc “ olomont,” Zn, /a, consisting 
of two rectangular zinc plates joined together, whilst between 
thorn lies the “ negative olcmont, Ag (silver), oonsistizig of a 
rectangular silver plali^ on wbi<di has been deposited a rough 
coatingof idatinnm. 'I’hc glass vessel (Fig. 14) is considerably 
deeper than the plnl(!s, so (us to allow plenty of space into 
which the sulphate of i^lnc can sink. 

The chemical aedion in this cell is sindlar to that already 
described, but the ultimate destination of the hydrogen bubbles 
is different. Those bubbles accumulate ou the rough platinum 
points and gradually fall off and rise through the liquid into 
the air, thus preserving a certain amount of the surface free 


TELEGRAPH.— III. 

By J. M. WiONEB. B.A., B.Sc. 

SUBTEKEANEAN LINES — SUBMARINE CABLES— FIRST CABLE 
FROM DOVER TO CALAIS — ATLANTIC CABLES — PBBBIAW 
GULP CABLE — SIEMENS’ CABLE. 

Subterranean lines are but seldom employed except in special 
and peculiar circumstanoos, os, for example, in connecting im- 
portant fortresses or military stations with one another. In case 
of an invasion all ordinary lines would at onoe bo cut ; but if an 
underground wire has boon laid by a ciroaitons and well-chosen 
route, it is very difficult to discover it. In the late French 
war several of these lines, connecting different fortrosses, were 
discovered and out, but not till after they had rendered good 
servioo to the besieged. 

Submarine linos arc of much greater importance than these, 
and have de^’^anded in their manufacture all the skill and in- 
genuity that could be brought to bear. To us, in our snug 
island home, they are especially important, and by thoir moans 
wo are now linked in electrical oirouits with all neighbouring 
countries as well as with several 
which are very remote from us. 

The first attempt at a sub- 
marine cable consisted of a wiro 
coated with gutta peroha, which 
was laid between Dover and 
Calais in 1850; but this was so 
imperfoot that it failed after the 
first day. A fresh attempt was, 
however, made the next year with 
much increased success. Tho 
cable laid on this occasion is re- 
presented in Fig. 9, which shows 
a section of the true size. 

The conductor consisted of four copper wires (No. 10 Bir- 
mingham wire gauge), each of which was separately insulated 
by being covered with gutta-percha. Those wires were laid 
side by side, a little hemp being placed between them to prevent 
their chafing ; tarred hemp was then laid on so as to form a 
solid rope, and outside all, as a protection against accidental 
injury, there were galvanised iron wires (No. 1 Birmingham 
wiro gauge) spirally wound. The cable, when complete, weighed 
about seven tens per mile, and possessed very great strength. 
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It was found to answer admirably, and has remained in working { 
order oyer sinee. 

This experiment having snooeeded so thoroughly, many other 
lines were speedily projected and laid, most of which answered 
well. There have, however, been several failures, and these 
very costly onee ; but they have been the means of drawing 
attention to defects in the mode of manufacture, so that in the 
present day suocess is almost certain, even when the length of 
the cable is very great. 

It will easily be seen that the risk and difficulty increase in a 
very rapid degree with the length. A few very minute imper- 
fections, BO triffing as only to be diseovered by the greatest care 
and aoientifio skill, will suffice to render a long cable ahnost 
useless, and it is very difficult to get at them so ae to repair 
them when onee the cable is laid, pressure of the water, too, 

at the bottom of ihe sea is very great, and thus any flaw soon 
beoomes manifest, as the water is forced into it, and makes an 
escape for the eleotrioity. 

The whole of a cable is now constantly and carefully tested 
during all the processes of its manufacture, so that there is 
but little ohanoe of a defeot passing unobserved. The core after 
being made is submerged in water, and after remaining so some 
hours is carefully tested ; should any portion prove defective, 
the exact position of the fault is ascertained, the defective 
piece is removed, and the core splioed again. The same pro- 
cess is repeated when the cable is complete; and during the 
process of laying currents are continually transmitted along it, 
so that faults, should there be any, may at once bo detected 
and removed. 

In 1853 a cable was laid between Dover and Ostend; this 
was very similar in oonstmction to that already figured, but it 
contained six condncting wires instead of four. More recently 
this plan has been almost given up, and each cable now usually 
contains only one condnotor, though this is often composed of 
several wires twisted together. 

In 1856, so rapid bad been the advance in 
the manufacture of telegraph cables that a 
project was started for making one to connect 
England and America, and in the summer of 
1858 this was completed and laid. The deep- 
sea portion of this (Fig. 10) was much lighter 
than those already described, weighing only one 
ton per mile. The condnotor hero consisted of 
seven copper wires, No. 22t gauge, twisted together. It was con- 
sidered preferable to employ these instead of a single wire of larger 
diameter, as in case of any defect in one wire the current would 
easily be transmitted along the remaining six without being 
perceptibly interrupted. This strand was carefully covered by 
three coatings of gutta-poroha, so as fully to insulate it ; addi- 
tional protection and strength were then imparted by a serving 
of jute saturated with tor and other preservative materials, and j 
outside this, eighteen strands of iron wire wore carefully wound 
on, each strand consisting of seven wires No. 22 gauge. Near the 
shore there is, of course, a much greater risk of accident than in 
the deep sea, where, when the cable is onee laid, it soon becomes 
covered with sand or silt, and is practically safe from injury. 
In the shallow water the bottom is more affected by currents 
and storms, and henoe a much 8fa*onger portion, known as the 
shore end, is spliced to the deep-sea port of the cable. In this 
first Atlantic cable the same core was used as for the deop-sea 
portion, but instead of the strands of fine iron wire, an extra 
serving of hemp was laid on, and outside this twelve stout iron 
wires were coiled, so that the diameter of this portion was 
nearly three times as groat as that of the rest. The total length 
of the whole was a little over 2,000 miles. It was, however, far 
from successful ; sufficient care was not taken in testing it ; 
hence there were faults in it from the very first, and only a few 
mosaagos wore passed along it before communication entirely 
r^asod. This experiment, being a very costly one, checked a 
little the manufacture of cables ; but the causes of the want of 
success soon became apparent, and thus much valuable informa- 
tion was obtained even by the failnre. 

Other cables have since this been laid between England and 
America, and they have answered well, thongh some serioas 
difficulties were encountered in laying them. 

Faults have oooaeionally been diseovered, but these have been 
found to arise from injuries inflicted either by design or acci- 
dent, and have been repaired. In laying one of these, the cable 



Pig. 10. 



Fig. 11. 


broke and the end was lost. The exact position was, however, 
noted, and suitable dra^ being obtained, the end was fished up 
from the bottom, splioed on to the new cable, and the whole 
oompletdd. The of thus being able to find the end of a 
cable, lost at a very great depth, is perhaps one of the most 
wonderful recorded in connection with the laying of submarine 
oables. • 

The former of these two oables is 
r^resented in Fig. II. The core oon* 
siste of seven No. 18 ^ugo wires, 
tinted into a spiral ; this is covered 
with four coats of gutta-percha, alter- 
nating with thin layers of Ohatterton's 
compound, which consists of 3 parts 
of gutta-percha, 1 of Stockholm tar, 
and 1 of resin. These bring the dia- 
meter of the core nearly up to half 
an inch. Outside this is a covering 
of hemp, well saturatod with salt 
water, and an outer layer of ten wires of homogeneous iron. 
The peculiarity hero is that each of these is separately sur- 
rounded by Manila yam, saturated with a preBorvative com- 
pound. For the shore end a portion of the completed deep-sea 
cable is used, but it is further strengthened by another layer of 
hemp, and some more wire strands. For submerging this cable 
the Chreat Eastern steamer was employed, fitted with largo 
tanks, in which tho cable was coiled and kept submerged till it 
was laid. All the core was tested in water at a considerable 
pressure before it was made up into the cable. 

At Bushire, on the Persian Gnlf, a number of lines c<n- 
verge. The cor© of one cable to this port consisted cf 
copper wire of good quality covered with Hooper's india- 
rubber compound to a diameter of ‘320 inch. Two servings of 
hemp saturated with tar-water were then laid on in reverse 
directions, and strength was imparted by twelve galvanised 
wires ‘192 inch diameter. These 
were separately covered with a mix- 
ture of tar and asphalto, and the 
whole then coated externally with 
two layers of Clark’s Patent Asphalt© 

Covering, so as to give it a smooth 
and oven surface. 

Fig. 12 shows a portion of the 
cable, each layer being separately 
removed to show the construction, 
while Fig. 13 shows a section. Many 
other forms of covering have been 
tried with varying degrees of success, 
the object in all being to reduce as far 
as possible tho size, and oouscquently 
the weight of the cable. This, how- 
ever, must not be done at tho expense 
of strength or durability. Ono cable, 
constructed by Messrs. Siemens, con- 
sisted of a small core, protected in 
the usual way by fine homp, and out- 
side this four strips of thin copper 
sheet wore wound round in such a 
way as partially to overlap ono 
another. This cable, which was laid 
between Carthagena and Oran, 
worked uncommonly well for a littio 
time, but it was laid on a very bad 
bottom, and consequently was soon 
chafed and broken. When tho bed 
of the sea is rooky tho cable is vorv 
apt to ohafe, ©spooially if there be 
any great inequalities. The best 
bottom is a flat one covered with fine sand or silicious deposit. 
In this a cable is thoroughly protected, and should last almost 
indefinitely. ‘ 

Wo have now carefully inquired into the different ways in 
which the electric fluid can be conveyed from place to place. 
It is, however, necessary, os we have seen in our lessons on 
“Electricity,” to have a complete circuit in order th.-it t.l»o 
current may produce an effect ; in other words, we mnet provide 
some return path for the current, as well as a conductor along 
which it may travel to its destination. For this |>v.r‘:>ose a 
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epeoial wiro used to be ereoted» to that the current might pau 
along the one and return by the other. Thie was, however, 
soon found to be uxmeoeaaa*y> ainoe the earth will answer every 
purpose of a return wire« All that is requisite is i6 bury a 
largo plate of metal in. the ^arih near each station, and let the 
earth wire of the dktaiit station be connected with the one 
there, while one pole of the battery at the transmitting station 
is connected with ita own earth plate. ^ The ouirent then passes 
along the wire, through the instrument, on to the earth plate, and 
back again by the earth plate to the 
battery, thus completing the cirouit. 

There are, however, a few occasions 
in which a return wire is a great ad* 
vantage. Strong currents of elec- 
tricity at times appear to travel from 
one part of the earth’s surface to 
another. This is especially noticed 
during the appearance of the Aurora 
Borealis. Sometimes they continue 
to flow steadily in one direction, at 
other times they change very rapidly. 

Fig. 13. These arc known as “ earth currents,” 

and they seem to enter the wires 
by on© of their earth connections and travel along them, deflect- 
ing the needles in their way. If the earth connections bo 
severed, those currents at once cease in the wires ; but while 
they are passing messages are considerably interfered with. 
Soraotimos, when they are steady and uniform, communication 
may be maintained by cutting the batteries altogether out of 
circuit, and signalling by the earth current alone. It is not 
often, however, that this can bo done, and the best course then, 
if there are sovenil wires between the stations, is to alter the 
connections so as to make one a return wire, joining on the 
oarth wires from the instniments to it instead of to the oorth 
plate. When this is done the whole circuit is (;ompletely 
insulated and cut off from all communication with the earth j 
the earth currents cannot therefore pa.ss along the wires, and 
if they affect the working at all, only do so by their inductive 
action. 



Any line of telegraphs — whether aerial, subterranean, or sub- 
marine — is liable to injury, as, e.gr., by the breaking of an insu- 
lator or a wound in the insulating covering, and at flr.st it was 
a somewhat diflScult matter to discover tlio exact place of the 
fault, OT, as it is termed, to “ localise” it, the only plan being 
to test at intervals all along the lino until the exact place at 
which the communication became defective was discovered. 


The rapid advance, liowover, made recently in the construction 
of delicate pieces of apparatus, and our iucroasod knowledge 
as to the laws which rt.'gulato the i)a8sago of electric^ currents, 
now enable the operator, without leaving the station at wliich 
ho is, to discover the exact place of the fault, and thus without 
loss of time to have it repaired. The manner in which this is 
accomplished we must explain in our next lesson. 


ANIMAL COMMERCIAL PRODUCTS.-^ VIll. 

HOHNS AND ALLIED SUBSTANCES {continued). 

Horn is manufactured into many other articles besides oombs. 
Snuff-boxes, drinking-cups, shoe-horns, and powder-horns are 
all made of horn. The fragments of horn, melted and com- 
proBsed into a solid mass in moulds, form bell-pulls, handles for 
table knives and forks, knobs for drawers, and many other 
useful articles ; or, if exposed to a decomposing heat in close 
vessels, these fragments develop prussic acid, and for this 
reason arc in demand among the manufacturers of Prussian 
blue, and of the beautiful yellow prussiato of pohish. The 
solid tips of the horns are always sawn off, because these parts 
are not lamollatod, and tlieroforo incapable of separation into 
plates. They arc made into knife and umbrella handles, the 
tops of whips, buttons, and various other articles both useful 
and ornamental. 


Video, and Braril, the last taking, as regards sixe and quality, 
the flrat rank. The Indian buffalo from Siam furnishes a very 
valuable horn, of whioh we receive annually about 26,000 ) the 
Cape of Good Hop^ and New South Wales also supply our 
markets with pz-homs. The manufacture of artioZes fre^ hoofs 
and horns is carried on very extensive at Aberdeen, in Scot- 
land, where an immense estslalishment exists. 

The hoofs of horses and ruminant animals, thou§^ s imilar to 
horn in character, are not so useful as horns, because they are 
much heavier and are less cosily worked. They are, however, to 
some extent made available in the manufacture of buttons, 
cheap combs, and similar artideg. 

II. WHALEBONE. 

Whale (Balcena mygticehis). — ^Tliis animal furnishes the 
baleen, or whalebone of oommeroo. Commonly r^forded as a 
fish, they are nevertheless true mammals, producing their 
young alive, and suckling them for a (jonsiderabl© time. They 
are very sociable, swimming in large shoals, and sporting on 
the surface of the water in their native Arctic seas. 

Whalebone or baleen consists of numorous parallel laminas 
doscondiug perpendicularly from the jmlato of the animal. The 
object of this structure is to form an efficient sieve or strainer 
for the food of the whale, as it comes in with the water. 
Although provided with an immouso mouth, this enormous 
ereaturo has an cDsophagus or food-pipe so small, that ho is 
compelled to nourish his vast bulk by tlio consumption of some 
of the smallest inhabitants of the sea, his food consisting of 
small mollusoa and crustacoa. “ T’o procure these insignificant 
morsels, he engulfs a whole shoal of them at once in his capa- 
(dous jaws, where they are of course entangled among the fibres 
of the baleen ; the water is then strained off and expelled 
through the blow-holoa, and the monster is thus enabled to pass 
his diminutive prey at his leisure into his stomach.”* 

The length of the largest pieces of balden in a whale sixty 
feet long is about twelve feet, and the pieces are arranged in 
two rows, 300 in each. The average weight of each piece is 
seven i>ounds, and the weight of the whole is therefore 4,200 
pounds, or upwards of one ton and three quarters, worth about 
jCIGO a ton. 

Whalebone is prepared for use by immersion for twelve hours 
in boiling water, which softens and renders it fit for manu- 
facturing pm'poses. It is valued for its flexibility, tenacity, 
compactness, and liglituess, and is cut into quadrangular sticks 
for the ribs of umbrellas and x^arasols, the supports of stays and 
other articles of ladies’ weai*. In thiii strips whalebone is used 
for covering whip-handles, walking-sticks, and telescopes. I’hese 
strips also are plaited hke straw to form hats and bonnets, 
whilst the fine shavings are omi)loyed by the upholstorors 
as a stuffing for cushions, for filling fire-grates in summer, and 
for other useful purposes. 

III. OSSKOXJS 

Antlers . — The antlers of the different species of deer are very 
valuable for making a variety of useful and ornamental articles. 
The cliicf supidy is furnished by the elk, wapiti, stag or rod 
doer, and fallow deer. In Switzerland, brooches, pins, and 
bracelets ore made from stag’s horn ; in Sheffield the whole 
shaft of the horn is used in making the handles of carving- 
knives, or it is cut up into small platt^s and riveted on to an 
iron case for the handles of pocket and pen knives. About 400 
tons arc annually imported from Hindostan and Ceylon for this 
purpose ; another 100 tons come from Germany, Bussia, Spain, 
and Italy, and from our own parks. About 18,000 head of 
deer arc annually killed in Greenland, and their horns sent over 
to this country. The shavings of the horns arc employed for 
the purpose of making ammonia, which has therefore long 
been popularly known as ” hartshorn.” 

Ivory . — Our supplies of ivory are derived chiefly from the 
Asiatic and African elephants ; the tusks or canine teeth of 
these animals furnish the article, but those of the African species 
arc the most valuable. Elephants’ tasks from two to ten feet 


The quantity of horn annually worked up in the manufao- length, and weighing from 6 to 160 pounds, are imported 
tares of Great Britain, including the produce of our own bito this country from Senogombia, Guinea, Mozambique, 
animals, is estimated at 6,400 tons, of the value of ^8180,000. o,nd Sofala; and also brought from the interior of Africa 
The comb manufacturers alone consume 1,300 tons, which pro- 
duce .£320,000 worth of combs. Homs of oxen are largely j * W. S. Dallas's “ Aulmal Kiugdom.” See also Dr. James Murie*s 
exported from South America, from Buenos Ayres, Monte { popor on the Cetacea, in ** OasBeU’s Natural History/* Yol. U. 
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in oarayauB and shipped at Alexandria, TimiB, Tripoli, and 
Cairo. Wo reoeiye them, besides, from Bengal, Bnmiah, Siam, 
Ooohm*China, Ceylon, Sumaia^, and Java. There are large 
buildings erected in Bimungham for the manufacture of ivory, 
and also at Nuremberg in Gtonany. The Chinese are nnrlvall^ 
in this manufacture. Their ivory balls, called one inside 
another, are marvels of patience, industry, and ingenuity ; and 
their chessmen, cabinets, drinl^g-oups, and numerous other 
articles made of this material are most elaborate in their 
ornamentation. 

Generally and technically under the name of ivory are com- 
prised the teeth of the narwhal {Monodon monoceroa), walrus 
{Trichech/tia roamarus)^ and hippopotamus (Sippopotamua amphi- 
bius), which, like ivory, are worked up into a variety of 
things, and always keep white. 

Ivory is largely conaumod in the manufacture of billiard-balls, 
which cost from six to twelve shiUinga each, and are so nicely 
turned that they are perfectly spherical, and made to corre- 
spond aoourately in size and weight, even to a single grain. The 
greatest consumption of ivory is undoubtedly in connection 
with the cutlery trade. A large amount is also worked up in 
the manufacture of the backs and handles of the best hair and 
tooth brushes. 

The miniature tablets, so invaluable to the artist, are cut 
from off the tusk by an extremely tbin saw acting horizontally, 
just as we pare an apple; so that from a solid tusk, of the | 
ordinary size, a shoot of very considerable length can bo 
obtained. In the Groat Exhibition oi J8bl, one manufacturer 
exhibited a sheet of ivory sixty feet in lengtli, obtained without 
joining, and which had thus been pared off from a single tusk. 
In 1886 the British imports of ivory teeth of elephant, sea cow, 
sea horse, or soa morse, amounted to 9,466 cwts., valued at 
£448,575. It thus appears that thousands of elephants are ! 
killed annually to supply the English market alone. | 

The material of ivory is so valuable, that economy in its use 1 
is necessarily atmlied, and the smallest fragments are pre8erv(;d, ' 
Tim refuse of ivory is used for making the finest black colour i 
{noir d*ivowe) by converting it into charcoal iu air-tight vessels. I 
Such ivory rcfu.se, consisting of ivory scrapings, shavings, and 
sawdust, when boiled, makes an excellent jelly, quite as good 
■Jis calf’s-foot jelly, and with the advantage that it suffers no 
change by keeping. Ivory refuse is therefore saleable to the 
<Jonfoctionor and pastrycook, by whom it is very frequently 
employed in this way. 

Bone . — The skeleton, or framework of animal bodies consists 
of bones articulated with each other, which protocst the vital 
organs, and form a basis or supx>ort for the softer parts, and 
tfor the attachment of the muscles, or organs of locomotion. 
In the arts, bones are extensively employed by the cutler, comb 
and brush maker, chemist, oonfoctionor, and agriculturist. 
Common bone is manufactured into buttons, combs, knife, fork, 
and brush hamlles, card cases, parasol handles, book folders, 
and numerous other articles. The chemist obtains phosphorus, 
sal-ammoniac, and charcoal from bone, and the farmer a most 
valuable manure — super-phosphate of lime — which has a quick 
and efficient action on the crop. Ijargo quantities of bones of 
oxen are imported to Great Britain from Buenos Ayres, etc., 
for this purpose ; and also the bones of seals, eaptured in the 
North Seas for their fur and oil, and brought homo by the 
ealors. The number of tons of bones imported into Britain fo 
iiianuro in 188G amounted to 57,282, valued a 


TECHNICAL DRAWING.—XII. 

DRAWING FOR JOINERS. 

The limits of those lessons now render it necessary that some 
attention should be paid to such examples as form studies for 
<lrawmg for joiners. Tot wo would not wish to bo understood 
that the lessons hitherto given do not appertain to joiners, or 
that those about to l)e given possess no value to cjirpentors. It 
is difficult to say what is the exact boundary which divides the 
two branches of wood-work. The general rule, however, is that 
carpenters* work is structural, and connected with the carcase, 
whilst that of a joiner eomprohonds the finishings of the outside , 
and inside of a building. Of course, greater refinement and ! 
nicety is required of the joiner in practice ; but this will not i 
hurt the carpenter, nor can the struotoral knowledge required | 


by the oarpentor fail to benefit the joiner. In fact, a general 
knowledge of the praotioe of each will make both work with 
greater economy, for one will work into the other’s hands ; 
their work will, to nee a teohnioal term, “ dovetail ** together, 
therefore the two branches are not separated here by A hard 
^e ; and that the student may see that the higher brahohes of 
joinery approach cabinet-making and wood-carving, oxfunples 
belonging to both of these branches are introduced. Wa aB 
know the pleasure it is to moot with a joiner who, in addition 
to the work of laying down floors, putting up wainscots, or 
fixing window-sashes, can, when required, set out and execute a 
piece of Gothic panelling or an organ screen, or who is able to 
carve any portion of the turn of a moulding which cannot be 
worked with the plane or struck by tbo machine. We therefore 
strongly urge the student to work from the examples herein with 
the utmost care, and subsequently to follow up the system as 
he will find it laid down in the special tocimical lessons 
devoted to his trade. 

Fig. 90 shows the method of uniting the hoards a and h in 
a flat surface, called “ do welling.” The edges of the boards 
having been accurately planed, holes are bored, pins (as at e) 
are glued into the one, and the projecting ends being inserted 
into corresponding holes in the edge of the other board, unite 
them firmly — the edge of the board c and the end of the pin 
being glued. 

Square pieces of hard wood, or dowels, aro often used iu the 
place of pins, and are shown at </. 

Fig. 91 is a method frequently adopted in floor-boards and 
panelling. It is called rehatin^^ and oonsints in planing away 
half the thickness of the edge, so as to leave a ledge standing ; 
all the boards being thus rebated, the lodge left on the one fills 
up tlio rebate, or ‘‘ abated ” edge of the other. IliLs will bo 
clearly understood on referring to the illnstration. 

Fig. 92 is a method of joining boards culled “ploughed and 
tonguod.” In this case a groove is planed in the one edge, and 
a tongue left (by planing away the angles) at the t)lhc*r edge of 
each board ; tlic tongue of tlio one then fits inb > the groove of 
the other. In very good work it is iisuuJ to •|)lt)ugh loth edges, 
and rHurrt a sei)arato tongue. This tongue is formed of strips 
cut the cross way of the wood, as shown in Fig. 93. 
j Fig. 94. — This method (ionsisis in working grooves across the 
back of the pieces, a, .aiid forcing rabbet.s into them, as h h. 

I The bottom of this groove is fiat (a), and its sides slant in- 
J wards towards the bottom. The sides of the rabbet aro also 
i cut slantingly, and a joint is thus formed called the “ dovetail 
; notch,” 

I This method is exceedingly well adapted for making drawing- 
; boards. Tho rabbets must not then bo glued, or otherwise 
j fastened in, and thus, by means of their dovetailed edges, they 
keep tho board from warping, whilst at tho same time they 
' allow of its expansion and contraction, and thus splitting and 
twisting aro prevented. 

Fig. 95 is an illustration of the method of clamping tho 
ends of boards, a h, by tongueing tho board and i)loughing 
tho pioco which is to cross it, c. Sometimes, instead of bring- 
ing tho end of the cross-pioco flush with tho edge of the board, 
it is cut off at an angle, tho board being cut eorrcspondingly 
to admit of the insertion. This last method is called mitre 

Fig. 96 shows a very common method of j(miing up a fiat 
surface by means of framing and panelling. A groove is run 
in tho edge of tho frame, tho edges of tho panel are rebated, 
and the whole brought up flush. 

Fig. 97 shows a jiortion of a panel inserted into a frame 
where a flush surface is not required. 

Fig. 98 represents one of tho many methods employed for 
angle joints. It is tho simple mortise and tenon, a shoulder 
being left on the outer side of the tenon by which tho one i^ieco 
is secured against being forced out of pci'pendicular. 

Fig. 99 is another method, which is accomplished by means 
of a mitre, part of tho wood being loft as a tenon at tho end of 
the one part, which is inserted into the mortise at the end of 
the other. A pin is then passed through tho whole. 

DOORS. 

The most common kinds of doors are constructed of eoveral 
simple boards, not fixed with glue or any tenacious substanoo, 
but by nailing transverse pieces upon the back of the boards 
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laid edge to edge. The transverse pieces thus nailed are called 
ledges or bars, wbonco the door is said to bo lodged or barred. 
In this case one of the edges at every joint is beaded on both 
■ides, or at least on the faoe which is outside, the edges being 
placed on the inside. 

Doors of this description ore generally employed in cottages 
or out-houses. 

Wliere doors aro 
required to oombine 
strength, beauty, and 
durability, a frame, 
joined with mortise 
and tenon, must bo 
constructed, with one 
or more intermediate 
openings, each of 
which must be sur- 
rounded by three or 
more parts of the 
frame, which have 
grooves ploughed in 
the edges for the re- 
ception of boards to 
close the openings, in- 
serted as in Fig. 97. 

The parts of the 
framing which are 
horiso^ol when the 
door is hung or fixed 
upon its Mnges aro 
c^ed raiU — upper, 
middle, and lo^cr. 

The extreme parts of 
the frame, to which 
the rails are fixed, are 
called the stiZes, aud 
the intermediate ones 
ore termed mounts 
inge. The boards by 
wMoh the intersiiims 
are closed are called 
'panels. 

Fig. 100 is the ele- 
vation of a pair of 
folding - doors, with 
mouldings and cor- 
nice. In this example 
it is desirable to com- 
mence by drawing tlm 
entire framing and 
cornice, with their 
mouldings. Thou 
<lraw a central per- 
pendicular, on whirl I 
mark off the heights 
of the various rails 
and panels, and draw 
horizontal linos for 
the upper and lower 
edges of these. From 
the central perpeixli- 
oular next sot off Mio 
width of the stilex, 
etc., and draw l.iio 
necessary porpemli- 
culars. The mould- 
ings to the PUT) els 
may now be added. 

Fig. 101 is the section, on a larger scale, of the frieze and 
cornice, showing how the various members are put together. 
The ornamental moulding, /, is in this design supposed to be 
made of pressed zinc, in which some very beautiful patterns 
are now worked, which are by far more durable than tlioso 
made of composition. 

Fig. 102 shows the manner in which such doors meet in the 
middle. 

Fig. 103 is the plan of a folding (or French) window and 
shutter-box. a is the framing of the window ; the window ; 







c d, the folding shutter closed ; o d, ditto foklo'l ; cf i, the casing 
of the shutter-box ; (jy the wall ; 7i, the inner casing. 

PARQUET WORK. 

Parquetry is a beautiful species of flooring, consisting of 
various pattenis formed of different woods such as cherry, 
oak, ebony, walnut, mahogany, maido, etc. It is very much used 

both in Germany and 
h’ranoc, and is now 
becoming fashionable 
in England. The wood 
of which the par- 
quetry consists is 
usually one inch 
thick, grooved, ton- 
guod, and keyed at 
the back and comers. 
It is well adapted for 
reception rooms and 
picture gallerieB, for 
borders round I’urkey 
carpets, as well as for 
landings and panel- 
ling of rooms. 

Fig. 104 is a design 
based on the square 
only, and is too shnplo 
to require any in- 
structions as to draw- 
ing, farther than the 
advioo already so fre- 
quently given — to 
work with the utmost 
accuracy, for in such 
repeating patterns, 
any one of the com- 
ponent figures, being 
inacourately formed, 
throws out the whole 
design. 

^g. 105. — This 
design is drawn by 
sotting out a number 
of squares. Draw 
diagonals and cirole^ 
from the angles. All 
the other lines em- 
ployed will be found 
to be parallel to 
these. 

Fig. 106 is alsci 
based on the square. 
Having set out a 
number of squares, 
divide the sides of 
each into throe equal 
parts, and draw lines 
across BO as to divide 
each of the squares 
into nine smaller 
ones. In each of the 
four small squares 
occupying the comers 
of the larger ones, 
draw one diagonal ; 
and in each of the 
fc.ur squares occupy- 
ing the middle of the 
sides draw two diagonals. By sliading the portions sis in the 
example, the design will be developed. 

Fig. 107 is based apon the hexagon. To draw this pattern, 
construct a lino of regular hexagons, each touching two others 
by their angles ; divide each hexagon into six equilateral tri- 
angles by diagonals. Find the middle of the sides, and draw 
lines to the middle points of the alternate sides ; these will give 
two equilateral triangles crossing each other ; and the reqtdred 
portions being coloured, the star in the centre will be left The 
darker Unes are drawn parallel to the sides of the hexagon. 
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VEGETABLE COMMERCIAL PRODTJCTS.- VL 

PLANTS UHKD IN THK PRBPABATION OF NUTTUITIOUS AND 
STIMULATINO BEVERAGES (coulimLed). 

Paraguay Tea, ok Mate (Hex faragumjenstis ; natural 
order, AguifoliaceoB), — A small shrub with oval, wedg'e-form, or 
oblong'laiiuoolato, toothed, smooth leaves, somewhat like those 
of the orange. This plant, which is, in fact, a spooies of holly, 
occupies the same important position in the domestio economy 
of South America that the Chinese plant does in this country. 
The leaves are prepared by drying and roasting — not in the 
manner of the Chinese teas, in which each leaf is gathered sepa* 
rately ; but small branches with tlio leaves attached to them are 
cut from the plant, placed on hurdles over a wood lire, roasted, 
and then beaten on a hard floor with sticks. The dried leaves 
and stems thus knocked off are ooUooted, reduced to powder, and 
packed in hide sacks. Each of these sacks, when full, contains 
from 200 to 250 pounds of the tea. The sacks are sowed up, 
and as the hide dries and tightens by exposure to the sun over 
its contents, at the end of a couple of days the tea forms a 
substance as hard as stone, and almost as heavy. 

As found in commerce, Paraguay tea is, therefore, in the form 
of a greenish-yellow powder, mixed with broken leaves and 
stoma. This is infused in boiling water, and the decoction is 
drunk, or rather sucked up, by moans of a tube perforated with 
small holes. It is usually imbibed out of a small gourd or cup 
with a little sugar, and sometimos an aromatic is added, such as 
orange or lemon-peel, or cinnamon, to give it an additional 
flavour. Mato is generally diaagrooablo to those unaccustomed 
to its use, but a taste for it is soon acquired, and it is very 
refreshing and acts as a restorative to the human frame after 
great fatigue. 

It has boon oaloulated that 40,000,000 pounds of Paraguay tea 
are annually consumed in the variou.s South American Jk'publica. 

Coffee Trek (Co/ea ara^nca, L. ; natural order, 
sub-order, CinchonaceoD). — An evergreen shrub, from fifteen to 
twenty feet in h<ught, with an erect stem covered with a 
brownish bark, and opposite branches with a slightly downward 
inclination, giving to the whole shrub an elegantly beautiful 
pyramidal contour or outline. Loaves opposite, short-stalked, 
ovatc-lancoolate, entire, glossy dark-green above, paler beneath, 
and from two to throe incliOH long ; flowers, white and funnol- 
shapod ; fruit, a globular two-collod and two-seedod berry, about 
the size of u cherry. The seeds, freed from thoir hard, horny, 
parohmont-like husk, are hemispherical, wiili one side convex, 
and the other flat and furrowed. 

The flowers of the coffoe-troo resemble those of the white 
josaamimi, and appear in clusters in the axils of the loaves. 
The trees are very beautiful and fragrant when in bloom, and 
not less attractive when the berries are ripe and ready for 
cropping, for these are then of a deep scarlet colour, and show 
to great advantage amongst the dark-green glossy loaves. 

The home of the coffoo-troo is said to ho Abyssinia, where it 
still grows wild ; thence it was transplanted to Arabia towards 
the close of the fifteenth century. It was introduced by the 
Dutch into Batavia in 1G90, and thtmeo carried to the West 
Indies in the beginning of the eighteenth century, and after- 
wards to the Brazils. Coffee is now grown in almost every 
tropical country having an average temperature of above 55®. 
We receive it from Java in the East Indies, from Trinidad in 
the West Indies, and from Eio Janeiro in South America. The 
best coffee comes from Mocha in Yemen, the southernmost pro- 
vince of Arabia. 

As soon as the crimson colour of tlio coffee berry indicates 
the time for liarvesting, the berries, which drop readily when 
mature, arc shaken from the trees upon cloths or mats spread 
under them. They are then piled together in heaps for forty- 
eight hours to soften the pulp, and afterwards put into tanks 
through which water flows continually, to wash off the pulp ; the 
berries are then Hi)ro;ul out on the platform, with which every 
coffee estaU^ is furnished, to dry in the sun. But there stiil 
exists the husk, which is broken off by means of heavy rollers ; 
the seeds are then wintjowed, and put into bags for sale. 

Baw coffee is roasted, after it arrives in this country, in a 
hollow iron cylinder, which is kept turning for half an hour 
over a charcoal fire until the berries are coloured sufficiently 
brown. Boasting coffee improves its flavour and power os a 
stimulant. 


Coffee owes its properties to a peculiar principle, which has 
been called by ohemists caffeine, and which is identical both 
with the theino of the tea and the theobromine of the ooooa 
plant. It is worthy of note that the common beverages of 
man — ^tea, coffee, and cocoa — although found in the most dis- 
similar plants, nevertheless contain identically the same peculiar 
principle whioh gives. them their nutritious and stimulating 
properties. 

Coffee is said to have been first used by the Persians as a 
beverage as early as 875 a.d., and from them the Arabs learned 
its value. The first Arab who drank coffee was Megallodin, 
Mufti of Aden, in Arabia Felix, who had become acquainted 
with this use of the coffee berry when in Persia. The con- 
sumption of coffee was not at all rapid at first, and it was not 
until 1554 that it was publicly sold at Constantinople. It 
afterwards booamo very popular with the Turks, but as it fre- 
quantly led to social and festive mootings, whioh wore considered 
incompatible with the strictness of Mahometan discipline, its 
use was restricted by the Turkish Government, though without 
effect. In vain the Turkish priests complained to the authorities 
that the mosques were deserted, whilst the coffee-houses were 
crowded ; in vain the latter wore shut up by order of the Mufti, 
and the police employed to prevent any one from drinking 
coffee ; the Turks found means to elude thoir vigilance. They 
would have their coffee. The law, theroforo, became only a 
dead letter, and although never repealed, the Government 
acknowledged its defeat by finally laying u tux on the beverage, 
thus making it a source of oonsidorable revenue. 

The consumption of coffee in Turkey is very groat. This is 
probably owing to the strict prohibition which the Moslem 
religion lays against wine and spirituous liquors. So necessary 
is coffee to the Turks, that the refusal of it in reasonable 
quantities to a wife is considered to bo a sulliciout ground for a 
divorce. The coffee-houses in Turkey are very numerous, and 
some of them spacious and handsome. In Coii.-^tantinoplo, such 
as are regularly licensed are gaudily painted, e nil furnished with 
mats, platforms, and boncUos. Sometirao.s there is a fountain 
in the middle of the room, whioh renders the atmosphere de- 
lightfully cool ; and also a gallery for the musioians. Towards 
evening these houses become thronged with a motley assemblage 
of Armenians, Greeks, and Jews, all smoking and indulging in 
tiny cups of coffee, generally drunk without either sugar or 
milk. 

It is in the Turkish ooffee-houses that the vagrant story- 
teller finds his stage and his audionoe. Ho walks to and fro, 
stopping when the sense of his story requires some emphatic 
expression or attitude, and generally contrives to break off in 
the most interesting part of his tale, making his escape from 
the room despite every precaution that may be taken to prevent 
him. His auditors thus compelled to restrain thoir curiosity, 

I are induced to return at the same hour to the coffee-room. As 
Boon as he has made his exit, the company present oommenoo an 
animated discussion, in separate parties, as to the character of 
the drama, and the principal events of the story. 

The following account, by Mr. M‘Farlano, is characteristic of 
Turkish manners, and of the mode in Turkey of setting aside 
the laws in reference to coffee ; — 

“ I was surprised to see in Smyrna, and in numerous other 
towns, the scarcity of coffoG-housos and the quantity of barbers’ 
shops. It was explained when, on wishing to rest a while, my 
servant David led mo into one of them, which in appearance 
was devoted to shaving, but whioh oouooaled behind a wooden 
screen, that looked like the end of a room, a spacious recess 
hung with chibouks^ or oommon pipes, narghiles^ or water pipes, 
and tiny coffoo-oups. The small oharacteristio fire for the 
preparation of the fragrant berry was burning in the usual 
comer, and there were the usual supplies of benches and stools 
— ^in short, it was a hondfidc ooffee-honsc, screened by a barber’s 
shop, and a group of Osmanlis shuffled in after us, not to bo 
shaved, but to smoke thoir pipes and drink thoir cup of ooffee. 

“ ‘ David,’ said I, ‘are all these hundreds of barbers’ shops 
nothing but veils for coffee-houses t" 

“ ‘ Not all, but the greater part of them,’ was the answer. 

“ * Yet the disguise may bo easily penetrated. Any bostangi 
might discover the reoess, and arrest a crowd of delinquents, as 
here, for example.* 

“ ‘ That is all very true,’ said David, * but what would the 
bostangi get by that ? llie foot is, the Turks cannot live 
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without ooffoe-housoB ; beBidog, the order to abut them up is now \ 
an old affair. Each proprietor may make it worth hia while not 1 
to aee, and so you understand tho bostangi and his officers need ' 
not look beyond tho barber’s shop.* | 

“ During tho latter part of this speech, a Mollah, a stout ' 
advocate of both law and gospel, stepped in, and called for his 
narghile and coffee ! ” 

Coffee waj-j first sold in London in 1G52, by a Turkish mer- 
chant, who kept a Ikjuso for that i^urposo in George Yard, 
Lombard Street. It soon became very popular, and in 16(10 a 
tax of fourponco on tho gallon was levied on all coffee made and 
sold. It spread amongst tho English for reasons very similar 
to those which caused its spread among the Turks. According 
to Macaulay,* it extended most rapidly. To be able to spend 
the evening sociably at a small charge soon become fashionable. 
The coffoo-liousc was “ tho liondonor’s homo.” Nobody was 
excluded who laid down his penny at the bar. Tliore wore 
coffee-houses where politics were disoussod, whore literary men 
held their nn^etings, and svhoro doctors, divines, and lawyers 
congregated, and might be eonsnltod. “ lliore wore Puritan 
coffeo-housoB, whore no oaths wore ever heard, and where lank- 
haired men discussed election and reprobation through their 
noses; Popish eoffeo-housos, whero good Protestants believed 
over their cups that the Jesuits wore planning another Gun- 
powder Plot, ajid eastitjg silver bnllots, to shoot the king ; and 
Jew coffoo-honses, wlioro the moiK'y-cluuigors of different nations 
greeted each other.” Such was the respectable position of a 
London coffee-houso in 1685. Lloyd’s was originally a coffee- 
house at whivjh insurers and underwriters met. Those houses 
have long ceased to he the favourite hainita of literary men and 
fashitui, and, although .still retaining their ancient name, they 
are iioav on a lov<!l with an ordinary restaurant, having boon 
superseded as ])lacG3 of eiitertaiuinent by tlie nuniorons music- 
halls and elub-rooui.s in the metropolis, whore something more ; 
fltimulathig than eoffoo is usually in demand. , 

Coffee, like tea, is frequently adulterated. Of these adultera- j 
tions the most common one is chicory (Oic/mnitm iuiyhus, L.), 
a j)laut resembling a dandelion, with blue flowers, belonging to 
the natural ordor CompoailtF. Tho largo tap-roots of tliis plant 
are slicied and dried in kilrjs ; they are then roasted and rodnc.od 
to powder, and this, when boiled, yields a drink not unlike coffee. 
Chicory is i>erfoctly wholesome, containing no alkaloid or oil, and 
only a small am<;unt of narcotio matter. Wlion added to coffee 
in small quantities, it rather improves its flavour, neutralises its 
oil, and renders it loss difficult of digestion. Tho sale of chicory 
is now legaliscjd. Many ]UT.sons prefer the coffee with chicory. 

The aduHiiration of c.offee with chicory is easily detected. 
Eroastod coffee imparts its colour very slightly to cold water, but 
chicory colour.s the water a deep-reddish brown. Coffee i.s light, 
and floats on the surface of tho water ; chicory is licavy, and 
sinks to tho bottom. 


both from the stem and branches ; the fruit somewhat resembles 
a cueumbor ; it is about flvo hn^hos in length, and three inches 
and a half iji diameter, at first green, but when ripe, yellow. 
Within this fruit, embedded in the pulp, are from forty to fifty 
cocoa-beans or seeds, packed closely together in five rows, 
around a common centre. 

I The cocoa-trees will grow well only in tho shade. They ore 
1 planted at intervals of twelve feet apart, and ore protected 
; from the fierce heat of the tropical sun by tho broad-leaved 
' banana and the stately and beautiful Mrythrviiaj or coral-tree. 
The rays of the sun cannot ]>Qnetrato the foliage of these trees, 

; and tho ground below them is constantly wet. When tho fruit 
, U ripe, it is plutjkod and opened ; and the beaus, cleared of the 
; spongy pulp, are spread upon mats to dry in the sun. 

I Chocoliito and cocoa are both made from these beans. 

! Chocolate is made by first freeing the beans from their husk, 
j and then roasting them over a fire in an iron cylinder, with 
j holes in its ontl for tho escai'o of the vapour. The apparatus 
is very similar to that of a coffee-roaster. When the aroma, is 
well develope«i, the beans are roasted ; they are then turned out 
of tho cy finder, and ground to a powder, which, mixed with 
sug.ar, flavoured with vanilla, and brought to a paste, forms tho 
chocolate cake.^ of conimorce. Cocoa is prepared by grinding 
up the entire imt — both husk and kernel — after roasting, a 
quantity of suet being added during the process of grinding. 

I Sometimes the beans are roasted and simply crushed. 

I preparation is sold in tho .shops under tho name of cocoa nihs. 

The cocoa-tree is a native of South America, Mexico, and the 
West Indies, where it formerly grow wild, but is now culti- 
vated in extensive plaidations. Tho beans of this tree have 
always been the chief means of nourishment of tho natives of 
those oDiintrlos. From them tho Spaniards learnt to make both 
chocolate and cocoa. 

'J’he cocoa bean, whic.h is about the size and colour of an 
almond, contains a peculiar solid oil called hiiftcr of cocoa, and 
ail alkaloid called theoUrominc, whioh proilnces on tlio nervous 
system analogous eff(?>.'.t.s to , those of caffeine and thciiu’. 
Chocolate and cocoa yield highly nutritious beverages. Liunmus 
1 was so convinced of this, that lie called the plant Thiohroma, 

I Cocoa is imi)arted into this country chiefly in tho raw state, 
that is, the beans with the husks on, Tho following are tho 
principal .sorts which arc brought into I'kiroj^o. 'jTie preparation, 
Ohocolat Meuior, is from cacao grown in the district of Rivas, 
Nicaragua. Soconmuso, tlio best sort, comes from tho district of 
the same name in th(* free state of Guatemala. IIuh seldom 
comes into tho market. (Jaracas, the nc.vt in quality, comes 
from La Guayra, tho comun,^rcial port of Caracas in Vtuiozuola, 
also from Guaya<juil in Kenador. (Jur largest Rupjdios oomo 
from those ports. We receive also heavy shipments from Eng- 
lish, Dutch, ami French (fiiiona, Brazil, Mexico, and the West 
Indies, oHpocially from tho island of Trinidad. 


Tho best coffee, culled Mocha ooffoo, comes from Yemen in 
Southern Arabia ; Jvolieia and Mocha are the principal i>orts for , 
its expoi-tation on the Rod Soa, besides which, Aden, acquired j 
by England in 1838, will soon become an important coffee mart. 
About 4,000 tons of this coffee are annually exported. East | 
Indian coffee ranks next in commerce, chiefly the coffees of 
Ceylon and Batavia. About 50,000 tons of East Indian cuffoo 
are annually produced. Au inferior kind, called green coffee, 
is raised in Gih West Indies — in Jamaica, Cuba, St. Domingo, 
Trinidad, Gnadaloupe, P<jrto-Rico, and Martinique — to an 
annual amount of about 70,000 tons. Other American coffees 
also come from the free States of Venezuela and New Granada, 
from tho Brazils, Cayenne, and Surinam. The annual produce 
of coffee in South America may be estimated at 81,000 tons. 
In 1886 there were imported into the United Kingdom 
1,006,543 cwta. of coffee, valued at je3,295,028. We export 
coffee also largely to our colonies and Australia. Hamburg 
and Amsterdam are tho most important coffee markets, and 
next to those London, Rotterdam, Antwerp, Havre, and Trieste. 

Cocoa (Tlieohroma cacao, L. ; natural order, Bytincriaceco). 
— ^A tree, about twenty feet in height, with dark-groon loaves, 
from four to six imihos in length and about three inches in 
breadth, elliptical, oblong, and iiointed, tho margin entire, and 
slightly wavy ; the flowers are small and white, growing directly 

* History of Euf^land, from the Accession of James II./* by Lord 
Maoatilay, Vol. I., p. 175. —People’s Edition, 1864. 


In 1886, 2,5.3tll,413 lbs. of cocoa wore imported into tho 
United Kingdoru. It.s consumption in Franco, Spain, and 
Portugal is continually increasing. ChoooJjito ih more UBod in 
France and Spain than in England. It forms tho ordinary 
breakfast of the Mexicans. 

Both chocolate and coooa are much adulterated with wheaton 
and potato flour. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.— 111. 

It is now intended to show tlio construction of Gothic tracery. 
Some of tho figures used in tho designs of windows, etc., in 
churches of the Middle Ages are extremely beautiful ; yet all 
the forma grow out of others of the most simple character, 
dependent on correct geomcirical construction. The cpiatre- 
foil, whioh forms tho Bul>jeet of the present lesson, is based 
upon a square drawn on given diagonals ; .and this elementary 
figure, ami one of a similar charaotior, are therefore given as 
steps in tho qonatniotion. 

To construct a square on a given diagonal, A B (Fig. 24). 

Bisect the diagonal A B in the point c. From c, with rsdius 
c A, describe a circle cutting the bisecting line in o and e. 
Draw A D, D B, B E, F. A, wfiiob will complete the square on 
the given diagonal a b. 

To construct a parallelogram when the diagonal a b and the 
length of one pair of sides c arc given (Fig. 25). 
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Bisect A B in the point o. From o, with rad|nB o A, desorlbo To trisect f a right angle, ABC* (Fig. 30). 

a circle. From a and B set off the length of the lino c on the From B, with any radius, desoribe the quadrant B E. From D, 

circle — viz., A d and b b. Join these points, and the required with the radius d b, desoribe an are cutting b d in f. From 


figure will bo completed. 

To construct a QoiMc quatre^ 
foil* (Fig. 26). 

Construct a square on the dia- 
gonal A B (see Fig. 24). Bisect 
the sides by the linos B a, F h, 
cutting the lines A c, o b, b d, 
and B A, in t, j, k, 1. From A, 
c, B, and D, with radius A i — 
that is, half the side of tho 
square — draw the arcs V, m, n, o, 
and those concentric with them. 
Tho outer circles are drawn 
from tho centre o. 

To inscribe a sijuare in any 
triangle, a b o (P'ig. 27). 

From c drop a perpendicular, 
c D. From c draw a line parallel 
to A B — ^viz., c B. From c, with 
radius o D, describe a quadrant 
cutting c B in F. Draw f a, 
cutting c B in o. From a draw 
a U parallel to a b. And from 
a and h draw linos a i and h j 
parallel to o i>, which will com- 
plete tho square in tho triangle. 

To inscribe a square in a given 
trapezium, A b o d (Fig. 28). 

Draw the diagonals A c and 
B D. Draw D B at right angles 
and equal to J> B. Draw B A, 


B, with the same radius, desoribe an arc cutting b d in a. 



Draw lines B F and b o, which 
will trisect right angle. 

THE MBABUBBMENT OF ANGLES 

(Fig. 31). 

Angles are estimated accord* 
ing to tho position which the 
two lines of which they are 
formed occupy as radii of a 
circle. 

The circle being divided into 
360 equal parts, called “ do- 
jiTcos/' It bo €<vident that 
the lines A o c contain 90 degrees 
(written 90^), or a right angle. 
{Similarly, B o c is a right angle. 

Now, if those right angles be 
trisected (as per last problem), 
each of the divisions will contain 
30®, thus 

A o B is an angle of 30® 

A o F „ „ 60^* 

A o c „ „ 90*^ 

A o G „ „ 120® 

A o H „ „ 160® 

A o B is in reality not any 
angle at all, being a perfectly 
straight lino ; but tho slightest 
divergence from it would cause 


cutting G D in F. Draw F G parallel to A 0. Draw G H and 
F I parallel to D B. Join H i, which will complete the square 
in the trapezium. 

To inscribe a circle in a given trapezium, A B c D, o/ which 
the adjacent sides arc equal (Fig. 29). 


it to become an angle ; as 179®, etc. 

Each of these angles being again divided into three parts will 
give tens, which may again be divided into units ; and thus 
angles may bo constructed or measured with tho greatest 
accuracy. 



Draw tho diagonal a b, which will bisect the angles c b d . Emmple No. 1 rf the foregoing (Fig, 32).— To find the angle 
and CAD. Bisect tho angle abb. Produce the bisecting contained by the linos ABC. 

line until it cute a b in o. Then o is the centre from which a | Erect a perpendicular at b. Draw the quadrant d e, and 
circle may be described, touching all four sides of the trapezium, trisect it. Divide the arc a B into three equal parts by points 

j H and I (70® and 80®). Bisect the arc H I, and it will be seen 

• The Quatn^oit is a figure based on four leaves or lobes. See I 

reanarks on the Trefoil (Fig. 11). | 


t Trtcect : to ont into three equal parts. 


PRACTICAL GEOMETRY APPLIED TO LINEAB DRAWING, 
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that the line b o falls precisely on the bisecting^ point, a b c 
is therefore an angle of 75^, Had the line b c not fallen 
exaotly in the bisecting point, further subdivision would have 

Emmple No, 2 (Pig. 33). — To construct at a given point b 
an angle of a required number of degrees, say 100®. 

At b erect a porpendicolar, b c. Trisect the right angle, { 
carrying on the arc ^ 

beyond the perpendi- 

cular, c. Divide any / 

one oSf the three divi- 

sions into three equal ^ X _ 

parts representing 

tens. Set off one of ^ 

these tons beyond c, 

viz., to D. Draw b d. / \ jq / 

Then A b d will bo an /' / 

angle of 100®. / \ / 

To construct a iri- / \ / 

angle^ when the length X \ j 

of tJie base and the X . I - — 

angles at the base arc ^ p,. „ . 

given (Fig. 34).— Let 
it be required that 
the base should be 
2'5 (2, decimal 5, or 
2 and 5 tenths^ which 

is 2 J) inches long, ^7v\ ^ 

that the angle at A O 

should be 50®, and 
that at B 45®. \ 

Draw the base 2*5 yX \ \ 

inches long. At a X \ \ 

erect a perpendicular ; p \/ \ \ 

draw a quadrant and \ \ 

trisect it in ED. Divide / \ \ i?* «> 

the middle portion, / \ \ * 

D E, into throe equal / \^V 

parts, and the second / 

division from E will f 1- 
be 60®. Draw a line ^ 

from A through point 50, and produce it. At B erect a perpen- 
dicular, and bisect the right angle thus formed (as 45® is one-half 
of 90®). Produce the bisecting line until it meets the line of the 
opposite angle in ¥, Thou A B p will be the required triangle. 
e . — All the three angles of a triangle are always equal to 


given to show its praotioal application. This has a short line 
marked at c, and two rows of figures round the rim — the one 
reading from right to left, and the other the reverse way. 

In order to measure an angle by means of the protractor, 
X)laoo the edge a B on the straight line which is to form one of 
the sides of the angle, with the point o exactly against the 
point of the angle to be measured. Then the line c d will be 
. seen to correspond 

with the i>oint 60®, 
and B c D is therefore 
•»r angle of 60* ; or, 
reading from the left 
side, a c D is an angle 
of 120". 

In constmeting an 
angle, place c against 
the point at which it 
is desired to oonstruot 
an angle ; mark a 
lioint on your paper 
exactly against the 
^ figure corresiKvnding 
to the number of de- 
grees required ; re- 
i:iovo the protractor, 
und draw a lino 
through the point 
thus obtained, to c, 
which will give the 
desired angle. 

C L Protractors are 

^ l!Z sometimes made of 

• Pig 33 I ivory, and 

I a rectangular form, 
X I as E F. These are 

I used in a ni.aimor 

A / similar to the somi- 

^ / circular instruments, 

tU / but arc not generally 

^ thought as useful or 

_ ^ exact in practice. 

To cmistruct cm isosceles triangle on a given hasCy and having 
a given vertical angle (say 30®). (Fig. 36.) 

Before commencing to work this figure, it is desirable that 
attention should be called to the principle upon which the con- 
struction is based. 



■i 



two right angles, that is, 180® ; and therefore, as one of the , It has been shown that all the angles of a triangle, of what- 
above angles is 50®, and the other 45''— total 95®— the vertical ' ever shape ii may bo, wiU always be equal to two right anglefl 


angle, that is, that opposite the base, will be 85®. 

THE PEOTEACTOB (Fig. 35). 

For measuring and constructing angles there is in most 


(viz., 180®). 

Everj’^ straight lino then is equal to the bases of t^ 
right angles ; for a perpendioulw drawn nt any point 
will at once form two right angles, equal to 180®, upon it 


oases of mathematical instruments a brass semi-circle called a , (Fig. 37). 

2 }rotractor. This has been already referred to, and is hero ( Now let it be supposed that J2180 are to bo divided between 
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three persons, that one of them is to receive £30, and thfe re- 
mainder to bo equally divided by the other two. 

It will bo soon at onoo that, when tho first condition has been 
fulfilled, and £30 doductod from J6180, the remainder will bo 
J015O, or X75 for oaoh of* the remaining claimants. 

It is on a similar principle that this operation is based ; and 
this mode of procedure is rendered necessary because we 
cannot commence by constructing tho vortical angle ; for, as 
tho base A b is fixed, we should not know where to commence 
the vertical angle, so that tho sides might not cut through a b 
(Fig. 38), or pass beyond it (Fig. 39 ) ; and thus we are com- 
pelled to construct tho angles at the base firstly, and of such a 
number of dcjgrocs, that they should meet in tho required angle. 

Now it has been shown that 180® stand on every lino. 

Returning now to Fig. 36, produce A b, and at a construct 
an angle of 30® — viz., o a i>. 

So that out of tho whole sum of 180® wo have set aside 30®, 
tho fixed number. 

Bisoot tho remaining angle B A b in e. Draw A B. At b con- 
struct an angle A b p, similar to tho angle b A e. 

Produce lines A K and n p, which will meet in g, and will 
form tho required angle of 30® 


NOTABLE INVENTIONS AND INVENTORS. 

IV.— CLOCKS AND WATCHES {continued). 

BY JOHN TIMES. | 

Thr middle of tho fourteenth century seems to be tho time 
which affords tho first certain evidence of tho existence of what 
would now be called a clock, or regulated horological machine ; 
for although tho term “ horologia ” had been of frequent occur- 
rence in preceding ages, there is every reason to believe it wa^ 
applied to other horological instruments. It appears from a 
letter written by Ambrosius Oamalodunonsis to Nic<.>lau8 of 
Florence, that clocks were not very uncommon in private fami- 
lies on the Continent about tho end of tho fifteenth century, 
and there is good reason for Bupi) 08 iTig that they began to 
become general in hhigland about tho same period ; for wo find 
in Chaucer, who was born in 1328 and died about 1400, the 
following lilies ; — 

“ Full sickoror was his crowing iu his loge. 

Am is a clock, or »u abbey orloge,” 

It is also belie vo<l, on good grounds, that a clock i.s not the 
invention of one man, but a compound of successive inventions, 
oaoh worthy of a scjiarato contriver. Thus, (1) whoelwork 
was knovm and applied in tho time of Archimedes. (2) A 
weight being applied as a maintaining jiowor would, in all 
probability, have at first a fly similar to that of a kitchen- 
jack, to regulate tho velocity. (3) Tlio ratchet-wheel and click 
for winding up the weight, without detaching tho teeth or main 
wheel from those of tho pinion in which they were engaged, 
would soon bo found an indisponsablo ooutrivanco. (4) The 
regulation by a fly, being subject to such groat changes from 
tho variations of density in tho atmosplioro, and tho ten- 
dency of a falling body to accelerate its motion, would neces-, 
sarily give rise to tho alternate motion of tho balance, with 
which invention an oscapemont of some kind must havo boon 
cruipled. (5) Tho last-men tionod two inventions are most im- 
portant ones, and would have induced such a dogroo of equability 
in tho motion of the whole work, as would lead tho way to a 
dial-plate, and to its necessary adjunct— a hand or pointer. 
Lastly, tho striking part, to proclaim at a distance, without the 
aid of a i)craon to watch, tho hour that was indicated, completed 


weight as a moving power ; and this may be considered a second 
era in horology, from which may be dated the application of 
tho fusee, round whioh is wound the chain or cord. 

Among the earliest of tho wheel-clocks seen in England was 
that of St. Paul's Cathedral, London, in 1286 ; and an agree- 
ment of 1344 shows that iron and steel were then used for 
the frame and clock, as they were until towards the end of the 
sixteenth century. Tho present clock at St. Paul’s is remark- 
able for tho magnitude of its wheels and tho fineness of its 
works ; it was made by Langley Bradley, at a cost of -8300. 
It has two dial-plates, each between .50 and 60 feet in circum- 
ference ; the hour numerals are a little over 2 feet in height ; 
tho minute-hands, 8 or 9 foot long, weigh 75 pounds each, and 
the hour-hands, between 5 and 6 feet long, weigh 44 pounds 
each. Tho pendulum is 16 feot long, and its bob weighs 180 
pounds, but it is suspended by a spring no thicker than a 
shilling. Its boat is 2 seconds — that is, a dead beat, of 30 to a 
minute, instead of 60. The clock, going 8 days, strikes the 
hour on the brim of the great bell with a hammer *, its head 
weighs 145 pounds, and is drawn by a wire to tho back part of 
the clockwork, falling by its own weight on the bell, it can 
bo hoard at a distance of 22 miles ; the clapper weighs 1 80 
pounds ; diameter of bell, 10 feot ; weight, 102 cwt. Below 
this bell are the two (luorter bells. 

The Horse Guards’ clock, we may here mention, made in 1756, 
was originally of coarse work. It was repaired and improved 

measures time sufficiently accurate for practical 

purposes, not connected with astronomical observations ; but 
much of its reputation is conventional, from its association 
with “military time ” of tho Horse Guards. 

Clocks remained with balances for the motive imwer until 
tho middle of tho seventeenth century, when tho pendiilum was 
first applied — it is said by Galileo observing the oscillations of 
a lamp suspended in tho cathedral at Pisa. The discovery is 
also claimed for Huygens, Bergen, Hooke, and others, about the 
same time; but the “ancient astronomerp of tho East em- 
ployed pendulums in measuring tho times of their observations, 
patiently counting their vibrations during the phasiis of an 
eclipse, or tho transit of the stars, and renewing them by a 
little pressure of tho finger when they languished ; and (.}as.sendi, 
Riccioli, and others, in more recent times, followed their 
example.” (“ Enoyclopaxlia Britamiica,” Bth edit.) 

“Clocks and wabhos,” says Mr. Babbage, “may bo con- 
sidered as instruments for registering tho number of vibrations 
formed by a pendulum or a balance. George Graham, ui 1715, 
first apphed a compensating power to oouni^eraot the effect of 
lieat and cold upon the length of tho pendulum j and John 
Harrison, in 172G, used different metals to compensate each 
other, the rods being placed in tho form ol' a gridiron. The 
mechanism by whioh these numbers are counted is technically 
called a soapoment. A common clock is merely a innidulum, 
with wheelwork attached to it to record the number of the 
vibrations ; and with a weight, or spring, having force enough 
to counteract the retarding effects of friction and the resistance 
of tho air. Tho wheels show how many swings or boats of tho 
pendulum have taken platto, because at every beat a tooth of 
the last wheel is allowed to pass. Now, if the wheel has sixty 
teeth (as is common), it will just turn round once for sixty beats 
of the pendulum, or seconds ; and a hand fixed on its axis, pro- 
jecting through the dial-plate, will be tho second-hand of tho 
clock. The other wheels ore so connected witli the first, and 
the number of tho teeth on them so proper tiontjd, that one 
turns sixty times slower than tho first, to fit its axis to carry a 
minute-hand ; and another, by moving twelve times slower 


the invention. And tho supposition, that Do Wyck’s clock was 
a ooiiibiiiation of the simcessivo inventions of different indi- 
viduals, is confirmed by aiualogy ; for the clocks and watches of 
tho present day have been brought to their present degree of 
porfetdion by a series of successive inventions and improve- 
ments upon what may now bo called the rude clock of De Wyok, 
which is tlie most ancient clock of which wo havo a description. 
This — and, indeed, all clocks made with a balance for a regu- 
lator, without any regulating spring — must have been very 
imperfect machines ; yet, os early as 1484 a balance clock was 
used for celestial observations, and was superseded by tho use 
f»f a jmrtable one for ascertaining the longitude at sea, about ! 
1530. Ancient clocks must have been r^noed to a portable j 
size prior to 1544, when tho mamspring was substituted for the | 


still, is fitted to carry an htmr-hand.” 

A few jmblic clocks may be noted hero. Tho Bank of England 
clock, in the roof, is a marvel of mechanism, as it is connected 
with all tho clocks in the Stock Offices. The hands of tho 
several dials indicate precisely tho same hour and second, by 
means of oonnooting brass rods (700 feet long, and weighing 
6 cwt.), and 200 wheels; the principal weight being about 
300 lb. The General Post Office clock, by Vulliomy, is a 
beautiful work of art on a small soale ; its pendulum-bob weighs 
448 lb., and requires only 33 lb. to cause it to vibrate 2' 20" on 
each side of zero — an extremely small motive power. Tho 
clock of the Royal Exchange, manufactured by Dent in 1848, 
has been pronounced by the Astronomer Royal as “the best 
public clock in the world; " the pendulum, weighing nearly 
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4 owt., is oompensatod, the first stroke of the hour is true to 
a seooud, and it can also be set to any fraction of a second. 
This was the first turret clock constructed by Mr. Dent. The 
Westminster Palace clock, designed by Mr. Denison, and made 
by Mr. Dent, jun., about 1855, has four dials, each 22 feet in 
diameter — the largest in the world with a minute hand ; the 
great wheel of the going patt is 27 inches diameter ; the pendu- 
lum is 15 foot long, and weighs C80 lbs., and the scape-wheel 
weighs about half an ounce. This clock is said to be eight times 
as large as a full-sized cathedral clock ; it requires two hours a 
week to wind it up, and reports its own time to (treenwich by 
electrical connection. . In 1886 Sir Edmund Beckett — he had 
dropped the name of Denison when he succeeded his father in 
1874 as fifth baronet — was raised to the peerage as Lord 
Grimthorpe. 

PRINCIPLES OF DESIGN.— V. 

BY CHRISTOPHER DRESSER, PH.D., F.L.S., BTC. 
Having considered some of the chief principles involved in the 
production of decorative design so far as “expression” goes, 
wo come to notice that constant adjunct, or handmaid, of form 
which has ever played an important part in aU decorative 
schemes — namely, colour. 

Form oan exist independently of colour, but it never has had 
any important development without the chromatic adjunct. From 
a consideration of history, we should be led to conclude that 
form alone is incapable of yielding such enrichments as satisfy; 
for no national system of decoration has ever existed in the 
absence of colour. More outline-form may be good, but it is 
not satisfying ; more light and shade may be pleasing, but it is 
not all that we require. With form our very nature seems to 
demand colour ; and it is only when wo get well-proportioned 
forms which are graceful, or noble, or vigorous, in combination 
with colours harmoniously arranged, that we are satisfied. 

Possibly this feeling results from our contact with Nature. 
The flowers appear in a thousand hues, and the hills are of 
ever-varying tints. What a barren world ours would appear, 
were the earth, the hills, the trees and the flowers, the sky 
and the waters, all of one ooloiir ! Form wc should have, and 
that in its richest variety ; light and shade we should have, 
with ever-varying intensity and change ; but colour would bo 
gone. There would be no green to cheer, no blue to soothe, no 
rod to excite ; and, indeed, there would be a deadness, although 
the world woultl be full of life, so appalling, that we can 
soorooly conceive of it, and cannot feel it. 

Colour alone seems to have almost greater charms than form 
alone. How entrancing is a sunset when the sky glows with 
its radiant hues ; the blue is almost lost in red, the yellow is 
as a sea of transparent gold, and the whole presents a variety 
and blending of tints, which charm, and soothe, and lull to 
reverie ; and yet all form is indistinct and obscure. If so 
oharming when separate from form, what is colour when pro- 
perly combined with beautiful shapes ? It is difficult, indeed, 
for many of those for whom I write to answer this question, 
even by a mental conception ; for I could scarcely point to a 
single building in England which would bo in any way a satis- 
factory illustration of what may be done by the combination 
of forms and colours. There is a beauty in Art, which we 
in England do not even know of: it docs not exist round 
us, it is little talked of, rarely thought about, and never 
seen. A decorator is called in to beautify a house, and 
yet not one in fifty of the so-called decorators know over 
the first principle of their art, and would not believe, were 
they told of the power of the art which they employ. They 
place on the walls a few sickly tints — so pale, that their want of 
harmony is not very apparent. The colours of the wall become 
the colours of the cornice and of the doors, because they know 
not how to produce a harmony of hues ; and the result is a 
house which may bo clean, but which is in every other respect 
an offence against good taste. I do not wonder that persons 
here in England do not core to have their houses “ decorated,” 
nor do 1 wonder at their not appreciating the “ decorations ” 
when they are done. 

There are few objects to which colour may not be applied, 
and many articles which are now colourless might be coloured 
with advantage. Our reasons for applying colour to obje'ets 
are twofold, and here we have the true use of colour. Ist. 


Colour lends to objects a new charm — a charm which they 
would not possess, if without it ; and, 2nd, Colour ossistB in the 
separation of objects, and thus gives assistance to form. These, 
then, are the two objects of colour. Mark, first, colour is to 
bestow on objects a charm, such as they could not have in its 
absence. In the hands of the man of knowledge it will do so — 
it will make an objeot lovely or lovable, but the mere applica- 
tion of colour will not do this. Colour may bo so applied to 
objects as to render them infinitely more ugly than fiey were 
without it. I have seen many a white bowl so coloured at our 
potteries as to bo much less satisfactory when coloured than 
when white — the colouring having marred, rather than im- 
l)roved, its general offoot. Here, again, it is knowledge that we 
want. Knowledge wili enable us to transmute base materials 
into works of marvellous beauty, worth their weight in gold. 
Knowledge, then, is the true philosopher’s atone ; for if possessed 
by the artist it does, in truth, enable him to transmute the 
baser metals into g(dd. But a litth) knowledge will not do 
this. In order that we produce true beauty, we require much 
knowledge, and this can only bo got by constant and diligent 
labour, as I have before said ; but the end to be gained is worth 
the plodding toil. Believe me, there is a pleasure in seeing 
your works develop as things of beauty, delighting all who see 
them — not the illiterate only, but also the educated thinker — 
such as words fail to express. Although thoro is no royal road 
to art power, and although the road is long, and lies through 
much toil and many diffioultios ; yet as you go along, there is 
pleasure in feeling that one obstacle after anotlior is cleared from 
your path, and at the end there is ploasuro inexpressible. The 
second object of colour is that of aasisting in the separation of 
form. If there is a sorios of objects placed near to one 
another, and these objects are all of the same colour, the be- 
holder will have much more difficulty in seeing the boundaries 
or terminations of each than he would, wore they variously 
coloured ; he would have to come nearer to them in order to 
SCO the limits of each, wore all coloured in the same manner, 
than he would, wore they variously coloured ; thus colour assists 
in the separation of form. This quality wliioh colour has of 
separating forms is often lost sight of, and much confusion 
tlnu’oby results. If it is worth while to proflu<;o anil place a 
decorative form, it is worth while to render it visible ; and yet. 
how much ornament, and oven good ornament, is lost to the eye 
through not being manifosted by colour I Colour is the means 
whereby wo manifest form. 

Colours, when placed together, can only please and satisfy 
the educated when combined harmoniously, or according tt) 
the laws of harmony. What, then, are the laws which govern 
the arrangement of colours ? and how are they to be applied ? 
Wo shall endeavour to answer these questions, by making a 
series of statements In axiomatic form, and then we shall enlarge 
upon these propositions. 

GENERAL CONSIDERATIONS. 

1. Kegardcd from an art point of view, tliero are hut three 
colours — i.fJ., blue, red, and yellow. 

2. Blue, red, and yellow have been termed jrrimary colours ; 
they cannot be formed by the admixture of any other colours. 

3. All colours, other than bine, icd, and yellow, result from tlie 
admixture of the primary colours. 

4. By the admixture of blue and red, purple is formed ; by 
the admixture of red and yellow, orange is formed ; and by 
the admixture of yellow and blue, green is formed. 

5. Colours resulting from the admixture of two primary 
colours are termed seconda/ry : hence purple, orange, and green 
ore secondary colours. 

G. By the admixture of two secondary colours a tertiary 
colour is formed : tlius, purple and orange produce russet (the 
red tertiary) ; orange and green produce citrine (the yellow 
tertiary) ; and green and purple, olive (the blue tertiary) ; russet, 
citrine, and olive are the three tertiary colours. 

CONTRAST. 

7. When’ a light colour is juxtaposed to a dark colour, the 
light colour appears lighter than it is, and tlie dark colour 
darker. 

8. When colours are juxtaposed, they become influenced as to 
their hue. 'I’hus, when rod and green are placed side by side, 
the red appears rodder than it actually is, and the green greener; 
and when blue and black are juxtaposed, the blue manifesta 
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PURPLE 13. 


RED 5. 


ORANGE a 
Pig. 17. 

PURPLE la 


but Htiile alteration, while the black aBSCuneB an orange tint 
or becomes “ rusty.” 

9. No one colour can be yiewed by the eye without another 
being created. ThuB, if red is yiewed, the eye creates for itself 
green, and this green is oast upon whatev^or is near. If it 
views green, rod is in like manner created and oast upon ad- 
jacent objects ; thuB, if red and green are juxtaposed, each 
creates the other in the eye, and the red created by the green is 
cast upon the red, and the green created by the red is oast 
upon the green ; and the red and the green become improved 
by being juxtaposed. The eye also demands the presence of 
the tbr^ primary colours, either in their purity or in com- 
bination; and if these are not present, whatever is deficient 
Moll be created in the eye, and this induced colour will be 
oast upon whatever is near. Thus, when we view blue, orange, 
which is a mixture of red and yellow, is created in the eye, 
and this colour is cast upon whatever is near : if black is 
in juxtaposition to the blue, this orange is oast upon it, and 

ves to it an orange tint, thus causing it to look “ rusty.” 

10. In like mamior, if we look upon red, 

green is formed in the eye, and is cast upon BLUE 3. 

adjacent colours ; or, if we look upon yellow, 
l)urplo is formed. 

HARMONY. 

11. Harmony results from an ogroeable 
contrast. 

12. Colours which perfectly harmonise 
improve one another to the utmost. 

13. In order to perfect harmony, the throe 
c?olour8 are necessary, either in their purity 
or in combination. 

14. Bed and green oombino to yield a 
harmony. Bed is a primary colour, and 

which is a secondary colour, consists 
•of blue and yellow — the other two primary 
colours. Blue and orange also produce a 
harmony, and yellow and purple ; for in 
oaoh case the three primary colours are 
present. 

15. It has been found that the primary 
-colours in perfect purity produce exact har- 
monics in the proportions of 8 parts of blue, 

-5 of red, and 3 of yellow ; that the secondary 
colours harmonise in the proportions of 
13 of purple, 11 of green, and 8 of orange ; 
luid that the tertiary colours harmonise in 
the proportions of olive 24, russet 21, and 
'jitrino 19. 

IG, There are, however, subtleties of har- 
mony which it is difficult to understand. 

17. The rarest harmonies frequently lie 
close on the verge of discord. 

18. Harmony of colour is, in many respects, analogous to 
harmony of musioal sounds. 

QUAIilTIES OP COLOURS. 

19. Blue is a cold colour, and appears to recede from the eye. 

20. Bed is a warm colour, and is exciting ; it remains station- 
ary as to distance. 

21. Yellow is the colour most nearly allied to light; it ap- 
pears to advance towards the spectator. 

22. At twilight blue appears much lighter than it is, rad 
much darker, and yellow slightly darker. By ordinary gas- 
light blue becomes darker, red brighter, and yellow lighter. 

By this artificial light a pure yellow appears lighter than white 
itself, when viewed in contrast with certain other colours. 

23. By certain combinations colour may make glad or depress, 

convoy the idea of purity, richness, or poverty, or may affect 
the mind in any desired manner, as does music. j 

TEACHINQS OP EXPERIENCE. 

24. When a colour is placed on a gold ground, it should be 
outlined with a darker shade of its own colour. 

25. When a gold ornament falls on a coloured ground, it 
should bo outlined with black. 

26. When an ornament falls on a ground which is in direct 
harmony with it, it must bo outlined with a lighter tint of its 
own oolour. Thus, when a red ornament falls on a green 
ground, the ornament must be outliued with a lighter red. 


27. When the ornament and the ground are in two tints 
of the same oolour, if the ornament is darker than the 
ground, it will irequire outlining with a still darker tint of 
the saiiiQcolonr ; but if lighter than the ground, no outline 
will be t^uired. 

ANALYTICAL TABLES OF COLOUR. 

When commencing my studies both in soieuoe and art, I 
found gnreat advantage from reducing all facts to a tabeJar 
form so far as possible, and this mode of study 1 would recom- 
mend to others. To me this method app6?.r^ have great 
advantages, for by it we see at a glance what it is otherwise 
more difficult to understand ; if carefully done, it becomes an 
analysis of our work ; and by preparing these tabular arrange* 
ments of facts, the subject becomes impressed on the mind, and 
we see the relation of one fact to another, or of one part of a 
scheme to another. 

The following analytical tables will illustrate many of the 
facta stated in our propositions. The figures which follow the 
colours represent the proportions in whioh 
they harmonise : — 


GREEN 11. 


Primary 


Secondary 


Tertiary 


Colours. 


Colours, 


Colours. 


Blue . . 

8 

Purple . . 

13 

Olive. . , 

24 

Bed . . 

5 

Green . . 

11 

Busset . 

21 

Yellow . 

3 

Orange . . 

8 

Citrine . , 

. 19 


Primary 

Colours. 


Secondary 

Colours. 


YELLOW 3. 


OLIVE 24. 


RUSSET 21. 


Rofl . 
Yellow 
Blue . 
Yellow 
Blue . 
Bed . 
Bed . 
Yellow 
Blue . 
Yellow. 
Blue . 
Bod 


Orange 

Qreen 


11 


Tertiary 

Colours. 

I Citrine, or Yel- 
[ low tertiary 19 


1 

® I Purple 
j- Orange 

|Greon. . . H ( QUve, or Blue 
jparple . .isj ^4 


f Busset, or Bed 
g I tertiary , 21 


QREEN 11. 


ORANGE 8. 


CITRINE 19. 
Fig, 18. 


This latter table shows at a glance how 
each of the secondary and tertiary colours 
are formed, and the proportions in which 
they harmonise. It also shows why the 
three tertiary colours are called respectively 
the yellow tertiary, the red tertiary, and 
the blue tertiary, for into each tertiary 
two equivalents* of one primary enter, 
and one equivalent of eaoh of the other 
primaries. Thus, in citrine we find two 
equivalents of yellow, and one each of 
red and blue ; hence it is the yellow tertiary. In russet we 
find two equivalentB of rod, and one each of blue and of yellow ; 
and in olive two of blue, and one each of rod and yellow. 
Hence they are respectively the red and blue tertiaries. 

Figs. 17 and 18 are diagrams of harmony. 1 have connected 
in the centre, by throe similar lines, the colours whioh form a 
liarmony ; thus, blue, red, and yellow harmonise when placed 
together. Purple, green, and orange also harmonise (I have con- 
nected them by dotted lines in the first of the two diagrams). But 
when two colours are to produce a harmony, the one will be a 
primary oolour, and the other a secondary formed of the other 
two primary colours (for the presence of the tliree primary 
colours is necessary to a harmony), or the one will be a 
secondary, and the other a tertiary colour formed of the two 
remaining secondary colours. Suoh harmonies I have placed 
opposite to each other ; thus blue, a primary, harmonises with 
orange, a secondary ; yellow with purple ; and red with green ; 
and the secondary colour is placed between the two primary 
colours of whioh it is formed; thus, orange is formed of red 
and yellow, between whioh it stands ; green, of bluo and yellow ; 
and purple, of blue and red. In the second of the two diagrams 
wo see that purple, green, and orange produce a harmony, so do 
olive, russet, and citrine. We also see that purple and citrine 
harmonise, and green and russet, and orange and olive. 

* An equivalent of blue is ^ of xed 5, of yellow 8. 
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WEAPONS OF WAR.-~IV. 

BT QFFICKH OF THE BOTAIi ABTILLBBT 
BMALL AfiMS (continued), 

Bevobb qaitting the eubjoot of muzzle-loading small anus, of 
which, together with the descriptions of powder used with them, 
we have given some account, it may be well to notice the means 
of igpution usually employed with arms of this class. Nearly 
the earliest and rudest mode of igniting the charge consisted 
of a fuse or slow match, which was applied to a small charge 
of powder placed over the “touch-hole,” or vent, as^ it is now 
called. A grave inconvenience of this system consisted in the 
fact that arms could hardly bo carried ready primed, at least 
for any length of time, because the priming was liable to drop 
out, or if it did not drop out, to become iimp. Accordingly, 


superior quedity. It is not only ueoessioy to use good copper, 
because a very small admixture of foreign matter, by alfe^ng 
its malleability, will interfere with the production of a cap of 
the required form, but because too hctfd or brittle a metal 
would bo apt to dy and injure the flrer. Partly on this account, 
and partly because of the liability of zinc to corrosion, the pro- 
position which has been frequently made to substitute that 
metal for copper has always been held to bo inadmissible. 
For a similar reason our readers should be cautioned against 
employing, if they can avoid it, the cheap brass caps which 
are not unlroquently manufactured and coloured to represent 
copper. In the Government establishments very careful atten- 
tion is paid to the selection of the copper. 

Cap composition varies with different ma*kers, and from time 
to time it has been altered for military arms. Thus, the com- 


tho soldier w^as com- 
pelled to prime his gun 
just before using it ; 
and as the operation 
hod to bo carefully per- 
formed, rapidity of fire 
under this system was 
out of the question ; 
moreover, the carrying 
of an ignited match at- 
tached to the gun was 
a source of inconveni- 
ence and danger. The 
match was saporsodod 
by the flint-lock, the 
flint being made to 
strike a spark as it 
descended on to the 
priming charge of 
powder. In some in- 
stances a motallio alloy 
of iron and antimony 
was substituted for the 
flint. The action in 
both cases was the 
same ; sparks being 
strack into the priming- 
charge. Here we como 
more closely to our pre- 
sent lock and hammer. 
A spring-lock was neces- 
sary to bring the flint 
violently down, and the 
hammer by which the 
flint was held was the 
direct parent of the 
hammer by which the 
percussion cap was 
afterwards fired. The 
next important advance 
consisted in the appli- 
cation of the percussion 
system to the firing of 
small anna. It is said 



siated of — 

Parts. 

Fulminate of Slercuzy . 4 
Chlorate of Potash . . 6 
Ground glass .... 2 

— ^the latter ixipcdient 
being added to increase 
the sensitiveness of the 
composition, by pro- 
moting friction between 
the particles. When the 
Westley-Eicharda and 
Sharp’s breech-loaders 
wore introduced, with 
which the cap was re- 
quired to ignite the 
powder contained in a 
paper cartridge, a more 
powerful composition 
was introduced, 
namely : — • 

Parti. 

Fulminate of Mercury , 4 
Chlorate of Potash . . 1 

This composition 
proved, however, too vio- 
lent in its notion for use 
on the nipples of the En- 
field rifle, which are of a 
different form from the 
nipples of the breech- 
loading rifles, with 
which the caps were 
intended to be used, 
and a further change 
was made to a com- 
position consisting of 

Parta 

Fnlminate of Mercury . S 
Chlorate of Potash . . 6 

Sulphide of Antimony . 4 


that a Scotch gunsmith, called Forsyth, was the first who pro- 
posed a percussion fire-arm, for which he took out a patent 
m 1807 ; but it was not, wo believe, until about 1822 that a 
percussion musket was introduced — at least in this country — 
for military use. 

It is har^y necessary to insist upon the advantages which 
the perouBsion cap presents over the match- and flint-look guns. 
A moment's consideration will serve to show that the change 
was a mmt important one, soaroely less important in its way 
than the intre^uotion of breech-loading at a later period. To 
de^l the various simplifications and improvements of the look 
which have been effected would bo tedious ; nor is it necessary 
to set forth the endless varieties of percussion caps and devices 
for igniting fire-arms by means of detonating oomposition 
wWoh have been proposed and attempted since the subject of 
this improved method of firing was first suggested about sixty 
years ago. It will be sufficient to say, that the percussion caps 
for militaiy arms, with the form and appearance of which all 
our readers are no doubt familiar, are made of pure copper of a 


The addition of the antimony scoured the flash which was re- 
quired to pierce the paper envoloi)e of the cartridge, while at 
the same time it modified the intense violence of aotion o? the 
cap, and prevented it from “ flying ” into pieces, and causing 
inconvenience and injury to the fircr. 

Due more point with regard to percussion caps, and we pass 
on to another subject. This point is the waterproofing of the 
cap. Several methods have been tried, and are in vogue for 
rendering percussion caps waterproof ; or, which is of more im- 
portance, for enabling them to resist ^mp. Among these may 
be mentioned the covering of the composition with a thin 
metallio disc, or with a disc of india-rubber. The simplest 
and probably the most effective plan is that which is applied 
to the Govomraont caps, viz., to subject the oomposition to 
considerable pressure, by which moans it is reduced to a stony 
hardness, and is rendered almost impervious to moisture ; while 
by coating the composition with a strong varnish of shellac tho 
caps are ultimately made completely waterproof. 

Wo have now dcnlt generally with nil tho points which c<n- 
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nect tbemaolves with muzzle-loading rifled small arms. We 
liave oonBidered the bullet, the oharge, the means of ignition, 
the rifling, the weight and character of the arras. These 
elements, judiciously combined, gave us in the Enfield rifle a 
military weapon of great excellence, lint there were two im- 
portant directions in which improvemonts eeomed noooBsary 
and possible. The first and most important consisted in in- 
creasing the rapidity of fire; the second in increasing the 
ballistic power of our weapons, an expression which covers all 
the shooting qualities of an arm — its accuracy, range, flatness 
of trajectory, penetrative powers, etc. — as distinguished from 
those qualities which oonnoot themselves with easy and rapid 
loading, etc. 

In short, the advantages of the Enfield riflo ns an arm of 
precision wore no sooner recognised than men began instinc- 
tively to cn<k*avoiir to simplify and accolorato the operation of 
loading by introducing the cartridge at the breech. In the case 
of the cavalry soldier this was a matter of no small importance. 
The diflioultios of loading a rifled arm on horseback wore con- 
siderable ; and tlius wo find that as early ns 1857 steps had been 
taken towards the supply of breech-loaders to mounted men. 
In that year some Sharp’s broeoh-loading carbines wore issued 
to two regiments of cavalry. The charge in this arm was 
inserted bodily at the brooch ; and as the block ascended it cut 
off the end of the cartridge, and exposed the powder, which 
was fired in the same way as a muzzle-loader, with the ordinary 
percussion cap. The Sharp breech-loader, which was used for 
some time by our cavalry in India, is an extremely bad breech- 
loader, for several reasons — among them the groat escape of gas 
which occurs at the breech on firing, and the employment of a 
X)oroussiou cap. 

The Wostley -Richards carbine was a groat improvement on 
the Sharp, for the end of the cartridge was not cut off in load- 
ing, and the escape of gas was prevented by means of a felt 
wad attached to the bock of the cartridge. In this wad wo see 
a sort of rude prototype of the present non-consuming cartridge 
— an imperfect application of the present system of making the 
cartridge do the work of (jhocking the escape of gas. We recog- 
nise here, also, in this half solution of tho question, a dim per- 
ception of the fact now so fully admitted, that the cartridge 
is tho turning-point or hinge upon which tho success of a 
breech-loading small-arm depends. Hero, for example, wo have, 
in tho Wostley-Richards, a superior combination to that which 
existed in tho Sharp ; and why P Not because of tho supe- 
riority of tho brooch-action of the Westley-Richards, for it may 
bo doubted if t!io Sharp action (upon which tho present admi- 
rable Henry broocli-loador is based) is not in fact the better of 
tho two. No ; but 8imi>ly because Wostley-Richards was on 
tho right track with regard to bis cartridge, and Sharp was on 
tho wrong track. It should hero be mentioned that, as an arm 
of procision, tho Wostley-Rioharda carbine was a very good one. 
It was a “ small-bore ” riflo — an expression to which we will 
assign a dofinito moaning horoaftor — and it throw a 400-grain 
bullet with a 2-dram charge, with groat accuracy to a long 
range. 

A rifle of this kind is open to several objections — among 
thorn, that it is fired in tho old way by means of a percussion 
cap. So long as this mode of ignition is retained, it is irapos- 
Hiblo to roaliao tho full advantages of a brooch-loader. It is 
fair, however, to observe that it was through no fault of 
tho inventors that this objectionable feature in tho Sharp, 
Westley-Richards, and other brooch-loading rifles was rotainod. 
Tho fact is that tho authorities set thoir faces determinedly 
myainst cartridges containing — like those now in use for tho 
Snider - -their own means of ignition. It was supposed that such 
cartridges were liable to accidental explosion cn masse by the 
ignition of a single cartridge in tho barrel or box, and the con- 
Hoquonoos of such an accident wore likely to be so serious that 
any cartridge of this description was oonsidorod inadmissible. 
Wo thus perceive that a serious barrier existed at this time to 
tho dovolopmont of tho breooh-loading question. It was re- 
pird^ as essential to employ the old muzzle-loading means of 
ignition, and greatly ocooloratod rapidity of fire — one of tho 
principal advantages of brooch-loading, though not tho only one ; 
— was impossible with a capping breech-loader ; so that for several ' 
years tho question was considered mainly as a cavalry ques- 
tion — facility, but not rapidity of loading being the thing 
aimed at. Indeed, rapidity of loading was rather deprecated 


than otherwise. Many good soldiers and experienced oflloers 
declared that if you gave a soldier a gun which he could load 
very quickly ho would expend all his ammunition before ho came 
within effeotive fighting range. It may be admitted that 
breech-loaders are open to this objection, although not to any- 
thing like tho extent commonly supposed, and the objection is 
one which can bo remedied by discipline and an effective, careful 
training. The practice of the Gormans is an example of this* 
Here wo have a nation which really understands the breech- 
loader, which is properly trained in its use and in tho econo- 
mical expenditure of ammunition, and the results wo liave seen 
in two groat wars. On tho other hand, wo have tlio excitable, 
and, wo may bo permitted to add, badly- trained, ill-drilled, ill- 
disciplined French soldier, blazing away at any number of 
metros from the enemy, and running out of cartridges early in 
the day. Cannot tho English soldier do what tho German does ? 
Is onr national temperament so excitable, so unlike that of the 
Germans, that no training can teach our men that the fighting 
unit is a man plus a cartridge, not a man by himself with an 
empty pouch ? Then, again, it is to bo observed tliat although 
a somewhat wasteful expenditure of ammunition may be one of 
the results of tho introduction of breech-loaders, the non-issue 
of breech-loaders would be tantamount to the destruction of tho 
army. If a soldier is likely to fire too rapidly in the one ease, 
ho is certain to be unable to fire rapidly enough in tho other. 
Tho one defect may be correotod or controlled; the other, so long 
as muzzle-loaders are in use, cannot bo. It is not a question of 
expediency, it is a question of sheer necessity. Whether or not 
breech-loading rifles may bo attended with certain disadvan- 
tages is a point which admits of discussion, but it admits of no 
discussion that brooch-loading rifles are vital to tho very exist- 
ence of an army. If the disadvantages are there they must be 
made tho best of ; and tho way to make tho best of this special 
disadvantage is so to train tho soldier, so to drill and discipline, 
so to hammer at him, that he will come to understand that a 
shot ought never to bo thrown away. And if ho only act upon 
this principle, it will bo no objection that he is able to fire a 
dozen shots a minute instead of three, and thus to do his work 
in ono-fourth the time. 

What wo have wiitten may appear to have an historical 
rather than a practical interest. A little consideration will, 
however, servo to show that this is not tho case. It is in 
the history of the subject that its foundations repose. In the 
recognition of tho difficulties which besot tho oarlioi* attempts, 
and tho objections which stunted tho growth of tho question ; in 
the perception of tho growing importance of the corti'idge 
question, and tho relatively inferior importance of tho breech 
mechanism ; in the recognition of tho fact that the question of 
breech-loading is quite distinct from and iiidopondent of tho 
question of shooting — ‘of ballistic iiowor — wo have the elomonta 
of the subject. Lot us pass now to their practical application. 

Up to about 1864 tho question of breoch-loading was treated, 
for reasons which wo have endeavoured to trace in outline, as 
one which principally affected the cavalry soldier. But in 1864, 
instructed by tho exporionco of tho DanoGerman war, General 
Russell’s committee recommended that the British infantry be 
armed with breech-loaders. Tho question then arose. What 
breech-loader should be provided ? Wo need not now trace all the 
discussion which took place at tho time, or set forth the argu- 
ments which ultimately prevailed to secure the adoption of the 
Snider system of conversion. The Enfield riflo was thought, 
and properly thought, to bo so oxcollent a shooting weapon, that 
it was considered that it would be sufficient, at least for the 
present, if this riflo wore provided with an arrangement which, 
without affecting its shooting, wonld permit of its being fired 
more rapidly. In this way, while tho British army could be 
rapidly ro-armed with on effective breech-loader, ample time 
would be given for working out the question which would still 
remain of a totally new breech-loader for future manufacture. 
About fifty systems of conversion were submitted to Govern- 
mont, in reply to an advertisement dated August, 1864. (hf the 
five systems which were preferred by tho committee only one 
was a non-capping breech-loader, and that was tho Snider. 
Ultimately, after some extensive trials, the Snider was adopted. 
Most of our readers are probably more or loss famUior with the 
brooch-action of the Snider rifle — ‘the block hinged upon the side 
of the “ shoe,*’ and containing the piston or stiiker, by means 
of which the blow is communicated from the hammer to the cap. 
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Those who are UBaoquamted with this arm will be able to under- 
stand its oonstmotion from the illustrations on page 193. 

The whole of the serviceable long and short Enfield rifles 
have been converted into breech-loaders on this system ; and 
these, with the addition of some thousands of now Snider- 
Enfiolds, give us about 700,000 Sniders ready for uso. The rogu- 
lar army and the militia wore first armed with this weapon ; 
and, when the Martini-Henry rifle replaced it, it was given 
over to the volunteers. The Snider rifle was subjected to a 
good deal of hostile criticism on its first introduction, which has 
been sufficiently answered by the experience of many years, 
during .which it has stood the test of active and foreign service. 
It is obviously open to the objection that the calibre is too largo, 
and that it is inferior as an arm of precision, and even as a 
brooch-loader, to some of the more modern oxamidos of military 
hreech-loadirjg arms; but tho simplicity, efficiency, and dura- 
bility of the breech mechanism are now universally admitted ; 
and as for its shooting qualities, tho weapon is at least aa 
efficient aa the Enfield rifle. With regard to the durability of 
these arms, it may bo mentioned that tho writer of these papers 
has seen several Snider rifles wliich have fired 40,000 and 50,000 
rounds : ho has seen ono wliich has firod over 70,000 rounds, 
and which is still serviceablo. 

Wo have yet to speak of a very important element in the 
now arm — tho cartridge. It is not too much to say that it 
is rather to the cartridge than to tho breech mechanism that 
tho arm owes its succosa. Tho breech racchaniRin, it should 
also bo understood, was not an easy ono to construct a cartridge 
for, because (1), in tho event of a failure on t!io part of the 
cartridge, the block was liable to bo blown open ; (2) tho diffi- 
culty — we might say, the impossibility — of making tho block 
fit accurately and closely against tho base of the cartridge ron- 
dorod the strain upon the cartridge case peculiarly sovere ; 
(3) tho extraction of the empty case had to bo performed ]>y 
hand, and without any leverage or mechanical assistance, and 
tlicroforo must bo easier than is necessary for guns in which 
“power” can bo applied. But thoro wero other conditions 
besides those of strength and easy extraction which the car- 
tridge was required to fulfil. What they wore, and how they 
have boon satisfied, will bo explained in another paper. 


BUILDING CONSTRUCTION.— VII. 

imiCKWORK (continued), 

Briokwork filionld not bo carried on in frosty weather, and 
even ii’ .such is expected, it is advisable, where possible, to delay 
tho building. Unfinished walls should bo covered with straw, 
on which boards, called weather-hoards^ should bo laid. By 
attention to this simple matter injury to walla might often bo 
proven ted. 

Tho introduction of substancos othor than thoso composing 
the walla should bo as far aa poasiblo avoided. In general, 
liowevcr, some wooden members are required, but thoso should 
bo treated with the greatest caution, so that they may not bo 
cnished by tho weight above them, or lost tho superstructure, 
by being made to rest upon them, might boconio liablo to sink 
should tho wood decay. Tho principal wooden parts of tho 
structure which are oonnectod with tho brickwork uro tho wall- 
platos, templates, lintels, and wood-bricks. 

]Vall-plates arc pieces of timber laid lengthwise on tho top 
of a wall to receive tho ends of tho floor-joists, which rest upon 
t'acm. This will bo fully treated of under tho head of Elooring, 
r.nd is only referred to in this place to explain tho purpose of 
wj^.platoa in relation to tho walls. It will bo clear that if tho 
joists were tailed singly on the walls themselves tho pressure of 
each individual timber would bo on a single brick and thoso 
which support it, whilst those between the joists would not in 
any way share tho bxtrden. 'Tho wall-plate then, resting as it 
does on tho wall, distributes tho weight over tho whole length ; 
and thus all parts of it boor alike. The application of a wall- 
plate will bo shown in an illustration in a future lesson. 

Tho purpose of templates (called also templets) is similar to 
that of wall-plates. They are used in a stronger form of 
flooring, which will subsequently bo treated of, called “ framed 
floors," tho weight of which is borne by a few very large 
g^ders. Under these are placed tho templates, which aro stout 
pieces of timber two or three feet long ; these, like the wall- 


plates, serve to spread tho i>r 088 uro over a wider surfatoe than 
that on which tho girders would otherwise rest. 

Fig. 43 shows tho section of a girder resting on a template. 
Now it is necessary, first, that presBure should be averted aa 
much as possible from the end of this girder ; for, in the event 
of damp striking it, or its rotting, it would give way under 
weight. Secondly, tho upper portion of tho wall should receive 
no support from the girder by resting on it; for, should the 



girder warp, sag, or by any means shako, tho brickwork de- 
pendent upon it would crack and give way. The arch, then, 
turned over tho end tho girder and lintel, not only supports 
tho wall above, but “ discharges ” tho weight over tho walls on 
each side. 

Lintels are pieces of timber placed over tho square-heads of 
windows; they aro used to prosorvo tlio square form, and for 
tho attiichmont of the wooden lining of tho under siirfaco of tho 
opening called tlio soijit, otc. They should not, however, bo 
allowed to bear tho weight of tho wall above, under which they 
would certainly give way ; and any sagging in tho middle would 
cause their ends to rise, by whi(^la tho entire brickwork would 
be disturbed. It is thereforo necessary to build “ discharging ” 
arches over them. I'ho primuplo on which arches are con- 
strncted will bo considered further on ; it is therefore only 
necessary hero to demonstrate their uso in relieving tho lintel 
from proRsnro, 

Fig. 44 illuBtratcB tho position of a lintel, over which a dis- 
charging arch is i)hicod, for the Hamo puri)oso as that above. 
This cut also shows the application of wood-hrichs^ w, w. 
These aro used for tho attachment of joiner's work in tho jambs 



of the windows and doors, for their fittings, and along tho walls 
at certain heights for tho skirtings or wainscoting to be nailed 
to. It is Bcaucely necessary to remind workmen that it la worse 
than useless to drive nails into mortar between bricks ; and 
tlmt therefore when it is necessary to drive a nail into a wall 
already built, the wall must bo plugged, that is, wodgOB ol 
wood must be driven in, and into thoso the nails may bo ham- 
mered. But the use of wood -bricks siiporwodes tho necessity 
of wedges in a wall in course of building, and aa it is known 
boforohand what fittings are to be attached, the blocks of wood 
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cut to the exact shape and size of the bricks can bo worked in 
as bricks at the points in the wall whore they wIU be required 
by the joiner. 

Wood-bricks are, however, gradually going out of use. It is 
found bettor to insert a piece of timber of the thickness of the 
joint of the brickwork — ^viz., about } or J thick, which shrinks 
less than a wood«briok, and still affords suflaciont hold for the 
nails. 

Bon(l4imh0r8 are long pieces of wood liko continuous wood- 
bricks. They are not much used now. Their purpose is to 
bond the bricks together, and for the attachment of mouldings, 
wainscoting, etc. ; but they are liable to shrink, swell, and 
decay, according to the situation in which they may be placed ; 
and further, in the event of taking firo, they burn away, and 


if designed by another. Let us xhon state once for all, that 
every curved covering to an aperture is not necessarily an arch. 
Thus, tho stone which rests on the piers sliown in Fig. 45 k 
not an arch, being merely a stone hewn out in an aroh-liko 
shape ; but at its top, tho very point (a) at which strength is 
required, it is tho weakest, and would fracture tho moment any 
groat weight were placed upon it. 

Equally faulty is tho annexed example of an early Egyptian 
attempt (Fig. 46), in which the first course of horizontal stones 
projects beyond iJie piers, and on those rests a third, hewn out 
to oomploto the form ; and hero again we have weakness whore 
strength is required. 

At Fitruria and Fhigalcia constructions similar to Fig. 47 
have been found, which are, if possible, worse in principle 



thus the wall resting on them is wcolcencd. Their use in 
England is now almost ontiroly supersodod by hoop-iron. Thin 
rad narrow strips of this metal, tarred, are laid in the bed- 
joints of tho mortar, at intervals more or less frequent, accord- 
ing to the thickness of the wall ; and they are found in every 
way effective, whilst it has been shown that tho joiner’s fittings 
may bo attached to single wood-brioks, on which so much etruo- 
tural strength or safety does not depend. 

ABCHB8. 

Arches have been incidentally spoken of, but they form such 
an important feature in building oonstniotion, that it is doomed 
advisable that they should be treated of separately. It is 
neoessasy, then, that the student should have a very clear con- 
ception as to what an arch really is. For if a positive con- 
clusion has not been arrived at, and if the ** arch principle 
is not thoroughly understood, ho oonnot be expected to design 
an arch, or to construct it with accuracy or intelligence, even 


than the previous ones ; for it is olear that, unless the upper 
slab be longer than tho width of the opening, and the lower 
stones are weighted at their tail ends, tho whole must fall in 
the moment any weight rests on A. 

Wo come, then, to the point at which it is required that wc 
should state, as briefly as possible, what an aroh really is. 

An arch, then, is an assemblage of stones or bricks, so 
arranged that they may by mutual pressure support not only 
each other, but any weight that may be placed upen them. 

The leading principles in the oonstruotion of an arch are — 

1. That all fbe stones of which it is formed shall be of the 
form of wedges ; that is, narrower at the inner than the outer 
end. 

2, That all the joints formed by the meeting of the slanting 
sides of the wedges should be r^ii of tho oirole, oiroles, or 
ellipse, forming the inner curve of tho arch, and will therefore 
converge to the centre or centres from which those are struck. 

These two brief statements will servo at tho present stage to 




CHEMISTRY APPLIED TO THE ARTS. 


197 



inako clear to tlie mind of the student the general principles of 
an arch ; the matliomatical reasonings connected with the do- 
signing of arches to boar certain weights are omitted, as not 
coming within the scope of this course of lessons, but the winter 
is very anxious that the student should clearly comprehend and 
not miscoxistrue the cause of this omission. It is not because 
he deems this matliemaUcal knowledge unnecessary^ but simply 
because he wishes to give information to students who have not 
had opportunities of acquiring such. Elementary works on the 
various mathematical subjects connected herewith can, however, 
be easily obtained ; and all who would really study principles, 
and appreciate the exquisite rofinomont of the examples herein 
given, are strongly urged to read them. 

V Referring to Fig. 48, we shall first explain terms. The vinder 
surface is called the intradoSy and the outer the extrados. The 
supports ore called the fliers or abutments y though the latter 
term is one of more extensive application, referring more 
generally to the supports which bridges obtain from tbo shore 
on each side than to other arches. The term p'i'^rs is, as a rule, 
supposed to imply supports which receive vertical pressure, 
whilst “ abutments ” are such as resist outward thrust. The 
upper ports of the supports on which on arch rests are called 
the imposts. The span of an arch is the complete width 
between the points where the intrados meets the imposts on 
either side; and a line connecting these points is called the 
spHnging or spanning line. 

The separate wodge-liko stones composing an arch ore called 
voussoirsy the contra! or uppermost one of which is called the key- 

stone ; whilst those next 
Fig. M. to the imposts are 
termed springers. 

The highest point in 
the intrados is called 
the vertex or crounny and 
the height of this point 
above the springing line 
is termed the Hse of 
the aroh. It will bo 
evident that in a semi- 
circular aroh, such as 
Fig. 48, this would be the radius with which the semicircle is 
struck. The spaces between the vertex and the springing lino 
are called the fianlcs or haunches. 

The following are the varieties of arches used : — 

The Somicirculary as shown in 48 ; the Segment (Fig. 

49) , in which a portion only of the circle is used — the centre c is 
therefore not in the springing lino s, s ; the Elliptical (Fig. 

50) ; the Hyperholioal (Fig. 51 ) ; the FarahoUcal (Fig. 52) ; the 
Cycloidal (Fig. 53). 

The methods of constructing those various curves ai'O fully 
elucidated and illustrated in the lessons in “ Practical Geometry 
applied to Linear Drawing," and it is therefore not necessary to 
repeat them in this place. 

Tlio Catenarian (Fig. 54), the form of which is the reverse 
of the curve taken by a chain or heavy rope when suspended 
between two points, as A n. A simple mechanical method of 
describing this curve is os follows : — Draw the springing or 
spanning lino, A B, and bisect it by a porpondiciilar ; place your 
drawing-board upright, and having marked on the central per- 
pendicular the length 4 c, equal to the height < f tlio required 
arch (the Ws<j), fasten a cord at A ; place a nail at u, and, sus- 
pending the cord over it, draw it until it gradually roaches c ; 
then fasten it, and with your penoil carefully trace the curve 
thus formed, being guided by, but not disturbing the cord, 
which should bo first wetted and drawn between the fingers. 
A further improvement on tliis method is to obtain a quantity 
of shot, drilled through their centres like beads, and thread 
V flexible cord, such as silk, having previously 

BUghtly rubbed them over with common black lead. When 
this loaded cord has been accurately placed, press gently on the 
^ot, and thus a series of marks will be made on the paper. 

^J^wn through those points will bo the Catenary, 

Now sot off any number of divisions on oaoh side of the centre, 
and draw perpendiculars through them, cutting the curve in a, 
p c, c, dy Cy fy and passing through the span A b in 1, 2, 3, 4, 5, 

1 ^ perpendiculars above the spanning lino, the 

len$^s of 1 a, 2 6, 3 c, etc. ; join these points, and the curve 
will be the catenary inverted, as used in the oa.>:enariau arch. 


CHEMISTRY APPLIED TO THE ARTS.— lY, 

BY GEOBQE GBABSTONE, B.C.S. 

CALICO PRINTING. 

Calico printing forms now one of the greatest industries of 
the country, and is destined steadily to increase as the great 
foreign markets become more and more opened up to British 
commerce. It is associated with the names of many of 
the wealthiest families of Lancashire and Glasgow, such oa the 
Peels, whoso enterprise in availing themselves without delay 
of every improvement in the art, led to the reali8ati<m of that 
fortune which enabled the late statesman to devote himself to a 
public career. 

From the earliest ages down to the end of last century, what 
is termed “hand-block printing" was universally practised, 
and it still continues to bo to some extent. Block printing by 
machinery has since been introduced ; but though the machines 
employed for this purpose arc very ingenious and beautiful, 
they would never have sufficed to meet the rapidly increasing 
demands of the trade. It is to the invention of the cylinder 
machine that the pro8i)erity of our manufacturing diatriota ia 
so largely indebted. 

Block printing, as distinguished from cylinder printing, con- 
sists in stamping the calico with n pattern raised in relief upon 
the block, after being moistened with the composition which is 
intended to be transferred to the cloth. The hand-block varies 
somewhat in size, according to the pattern or work required; 
but it ia commonly about nine inches long and six broad, with 
a handle for the sake of convenience. The pattern is somo- 
timea cut out in relief upon the wood, but tins is liable to wear 
down very rapidly, so that it has been found greatly preferable 
to raise the pattern on the block, by inserting strips of copper 
of the desired form and thickness into the wood, by which 
means a sharper and more durable design can bo obtained, 
i The mordant, or dye stuff, as the case may bo, is applied to the 
block by pressing the latter upon what is termed a “ sieve " (a 
I box covered with woollen cloth), which is kept moist by the oom- 
imsition below working its way up through the interstices, 
and then the cloth is stamped with it at the regular distanoes 
required to produce the pattern. Another mode of charging 
the block with the dye is to pass a moistened roller over it, 
after the manner generally adopted for applying ink to letter- 
press. Several colours may, however, be printed simultanoonsly 
with one block ; in which case the sieve must be divided into os 
many compartments as may bo required, each division corre- 
8i»oiidii\g in shape and size with tho portion of calico which is 
to receive a certain mordant or dye. If tho several colours aro 
to form imrallol linos, wliethcr straight or waved, tho roller 
can also bo readily adapted to this purpose. A piece of print 
would ordinarily rc(juire about 450 soparato applications of thf 
hand-block, involving a very serious expense for labour, as 
well as occupying a considerable time ; especially as each im- 
pression must bo adjusted with tho utmost nicety, or there 
will appear to bo breaks or irregularities in tho pattern. In 
order to increase dispatch, and at the same time to seouro 
groat pwK'ision in tho joining of tho pattern, machinery has 
been adopted ; the most complete invention of tho kind being 
tho “ Perrotino," bo named becauso it was brought to perfection 
by M. Porrot, of Rouen, one of tho chief centres of the French 
cotton manufacture. 

Cylinder printing has now almost superseded all the other 
processes, those previously omidoyed having no chance of com- 
peting witli it, cither as to precision or dispatch. It dates 
from about the year 1785. It differs in several particulars 
from tho block system. In the first place, tho pattern is not 
misod upon the cylinder, as in tho block, but cut into it, by 
which means fine linos can bo produced without suffering much 
from wear and tear ; in the second, it can be arranged with 
such precision that the pattern shall bo continuous ; and in tho 
third, tho printing can go on without intermission, so that 
there is an* immense saving of time. Tho multiplication of 
different cfdours in one pattern can also be much more easily 
effected by tho adoption of this system, as almost any number 
of cylinders can bo adapted to tho machine, according to tho 
number of colours desired. 

The following description of the actual operations will bo 
confined to cylinder machine printing, as the block system varies 
from it only in tho moclianioal arrangement. Tho sovoral 
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procesaos which a piece of g^oods ordinarily paasoa thronph at a 
printing ostabliahmoiit consist of singeing^ bleaching, printing, 
BtoToing (in which ageing is included), dunging, dyeing, 
brightening, and dressing. There are, however, some special 
processes adopted to produce different styles, which will be 
described afterwards. They may be regarded os additions to 
or variations from the ordinary stylo. 

Printing . — It will be seen at once that the result depends 
upon the same ohexnical reactions as have been fully explained 
in the previous articles upon Dyeing ; and it will be necessary 
to bear in mind the special functions of mordants and alterants. 
The colours which the piece of goods is hereafter to assume are 
not printed upon it, but only the mordants, which are to take 
them up afterwards, and to fix them.* The pattern being 
engraved upon the copper cylinder, it has to be charged with 
the mordant, which must be of such a oonsistenoy that it will 
jieither run too freely, nor stick to the metal. With this object, 
it is usually thickened with fiour, starch, pipeclay, sugar, glue, 
gum, etc., but the quantity of such ingredients varies a good 
deal, according to the character of the design ; and the thicken- 
ings themselves must bo selected with reference to the substances 
contained in the mordants, some of the salts used for this 
purpose causing starch or flour to coagulate, while others 
have the same effect upon gums — which renders them quite 
unfit for the purpose. The mordants have, of course, to be 
likewise solooted with reference to the colours which it is 
intended to produce, so that, on subsequently steeping the 
cloth in the dye, different chemical reactions may take place, 
and thus bring out the variety of colours or shades required. 
Thus mordants made with iron salts and alums in various 
proportions will servo to produce all kinds of tints from red to 
purple, and oven to brown ; by omitting the alum altogether, a 
black may bo produced *, and, on tho other hand, an aluminous 
compound without any iron salts will serve as a mordant for 
orange. Each cylinder employed, being arranged so as to fit 
into its exact place in tho x>attcrn, and charged with its respec- 
tive mordant, x>a8S0S over tho cloth in suooessioii, discharging 
the mordant upon it, which then passes at once into another 
chamber, in order to undergo tho next process. The printing, 
however, cannot bo satisfactorily performed unless the cloth bo 
damp, a certain amount of moisture being absolutely necessary 
ill order to ensure tho mordant’s thoroughly adhering to tho 
fabric ; but if, on tho contrary, it should bo made too wot, the 
mordant would be liable to run, and the sharpnosa of tho 
pattern would bo marred. In order that tho proper medium 
should bo secured, and that the whole piece should be of uniform 
dampness, it is found best to lot tho goods lie in a damp atmo- 
sphere for some time, and that the printing-room should be 
maintained at a pretty high tomporaturo with tho air thoroughly 
saturated with moisture. 

Stovcing . — Immediately after coming off the printing-machine, 
tho cloth is passed through a hot flue, in order to dry the suh- 
stanoo taken off the cylinders before it has time to spread, 
which action would bo onoouragod by the dampness of the 
fabric. In tho act of drying, the mordants adhere more closely 
to the fabric, especially if acetates of iron have been used, tho 
acetic acid being driven off by tho heat, and leaving the iron 
free to unite with tho cloth. Tho hot flue leads into the 
agoing-rooni, whore the cloth remains suspended for about a 
couple of (lays, to complete tho fixing of the mordants, so far 
as exposure to tho influence of tho atmosphere will carry the 
process. 

Dunging . — Tliis is a very necessary operation, and is so 
named from cow-dung being usually tho material employed for 
the purpose. Other ingredients are sometimes used os sub- 
stitutes, and there are cases also when a bran-bath will suffice. 
Tho valuable properties of the dung appear to consist in the 
phoaphorns compounds and the albuminous matters oontainod 
in it ; and the natural combination is preferable to tho chemioal 
preparationB which ore in some instances used instead. The 
result produced is a double one ; it fixes more thoroughly the 
irem salts and aluminous mordants which have been transferred 
to the cloth in the act of printing, while at tho same time 
it carries off the ingfredients which have been introduced as 
thickenings, so as to expose tho mordants to the full action of the 
dye which is presently to be applied. It is usual to pass tho 
goods rapidly through two separate baths made of a solution of 
this material in warm wstcr, the tonka being arranged with a 


series of rollers on each side, over which the fabric is drawn 
alternately, so that a very large surface is exposed to the aotion 
of tho bath. After each of those immersions tho goods should 
be well soourod in the dash- wheel (similar to what is used in 
bleaching), so as to carry off the extraneous matters. 

Dyeing . — Up to this stage, although the pattern has been 
printed upon the cotton, tho effect is not manifest, the slight 
colour which may have been convoyed to the cloth with the 
mordant having no reference to that which is intended to be 
ultimately produced. This comes out during the dyeing ; the 
mordanted portions of the cloth — which exactly correspond with 
tho pattern, or combination of patterns, engraved upon the 
cylinders — taking up the dye, and producing, with the various 
mordants employed, tho variety of colours required to produce 
tho desired result. The ohomioal processes upon which this 
depends will be readily understood by those who have read the 
previous articles on Dyeing, but the practical details will need 
some further description. One of the dyes most commonly 
used is madder, or alizarin. A solution of it is made in 
tho dyebeok — a long vessel containing the dye in solution, above 
which a roller or reel extends for its whole length, over which 
the cloth passes; and, being mode to revolve by a winch, it 
carries the fabrio with it, so that the whole su^ace becomes 
equally exposed to tho aotion of the dye, and by repeated revo- 
lutions has as largo a surface as possible brought under its influ- 
ence within a given time. The immersion in the dyebeok should 
occupy four or five hours, during which period tho temperature 
should bo gradually raised from a tepid to the boiling heat. 
The addition of a little chalk, especially if tho water should bo 
very pure, greatly heightens the effect of the madder. Should 
it bo intended that the mordant printed from any one cylinder 
shall take up no other dye than madder, tho process above 
described must bo rei>eated until tho mordant is thoroughly 
saturated, so that it may bo rendered incapable of taking up 
any of tho dyes to bo subsequently applied for other ports of 
tho pattern. Suppose, however, an orange be desired, the mad- 
dering would bo stopped sooner, in order that some of the mor- 
dant might remain free to combino with the yellow dye. Tho 
same plan is adopted when solutions of quercitron, sumach, and 
other dye stuffs are used. 

Brightening . — ^The next step (sometimes called “ clearing **) 
is for the purpose of bringing up the colours to their full bril- 
liance, and at tho same time of finishing tho operation of fixing. 
This is attained by passing tho goods through a soai^ bath two 
or more times, according to the dyes which have boon previously 
applied, the second immersion being usually in a slightly acid 
solution. Between each bath tho fabric should bo thoroughly 
rinsed and exposed to the air. Tho effect of those operations 
is to clear the unmordantod portions of any colour that may be 
adhering to them, so as to obtain a perfectly white ground, and 
also to discharge from the rest of the surface any excess either 
of mordant or dyo which has not entered into combination with 
tho other. Some dyes, however, will not bear tho aotion of 
soap, and for clearing these a bath of bran is used instead, tho 
goods being immersed for about half an hour, during which 
time tho liquor is raised to the boiling-point. After this they 
only require dressing, in order to givo them a proper finish for 
tho market. 

Such is a brief description of tho process in most general use 
for printing calicoes. The ingredients principally employed as 
mordants ore alumina and the salts of tin and iron, different 
combinations of which ore worked up with gum and other 
thickenings, in order to make the various pastes for feeding the 
oylindors upon which the several parts of tho required pattern 
are ongfravod. Tho dye-stuffs whioh are subsequently used for 
producing a permanent colour with tho various mordants have 
already boon named in the articles on Bleaching, tho calico 
printer having to consider the varied affinities of certain dyes 
for the several mordants whioh have been used in printing the 
pattern, so that they shall produce such colours, or combina- 
tions of colour, as shall make a harmonious whole. Madder, 
cochineal, and safflower are much used for various shades of 
red ; ohromium, yellow berries, and quoroitron, for yellows and 
orange ; the double cyanides of potassium for blue ; while com- 
binations of those, by suocessive applications in tho dyebock 
upon appropriate mordants, will produce tho intermediate 
colours. Tho sclootion of the most suitable dye-stuffs. Bo as to 
realise the best effect, is a matter of considerable importance ; 
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nor is the order in which the dyes are applied a matter of indif- 
ference, the general rule, however, being that the darkest 
colours should bo dealt with first. 

There are yet other prooosses connected with calico printing 
to be described, which must form the subject of another artidc. 

TECHNICAL DRAWING.--XII1. 

DOVETAILING. 

W» do not know any branch of oa^entry or joinery which so 
much shows whether the workman is a good haxid or not, as 
the way in which ho joins timber at the angles. Wo say “ car- 
pentry and joinery,** because carpenters are constantly called 
upon to build wooden cases for cisterns and similar construc- 
tions ; and, therefore, this lesson refers to them as v.'«-ll as to 
joiners. Certainly it applies to all young workmen, for they, 
abovt: all, must learn accuracy in joining, and must act airo the 
power of cutting wood, bo that every part may lit without 
being hacked, chopped, chiselled, or shaved, by which material, 
time, and patience are wasted, and, in censequonoe, bad work 
ensues. It is, of course, desirable that a joiner should work 
quickly ; but it is by far more important that he should work 
welli that ho should join his materials with firranoss and accu- 
racy; that he should make the surfaces perfectly oven and 
smooth, the mouldings true and regular, and the parts intended 
to move so that they may bo used with ease and freedom. 

It is also of the greatest imix)rtanco that the work when thus 
put together should bo constructed of such dry and sound 
materials, and on such principles, that the whole should bear 
the various changes of tomporaturo and of moisture and dryness, 
so that the least possible shrinkage or swelling should take 
place, and tliat frames, panels, or doors should not warp or 
twist. Wo have soon the groat effects of ouoouraging good . 
workmanship in iron and in the construction of machinery, 
which is now one of the industries for which this country is 
famed throughout tho world: let xis attach the same importance 
to our wood- work, and thero is no reason why wo should not in 
that branch attain a similar position. 

One of the most important methods employed by tho joiner 
is that termed dovetailing^ which is of throe kinds — namely, 
common, lap, and mitre, (Jommon dovetailing shows tho 
form of tho pins or projecting parts, as well as tho excava- 
tions made to receive them. Fig. 108 shows tho ends of tho 
two boards, a and h, to bo thus, joined, and Fig. 109 shows 
tho joint completed. Fig. 110 roj)rc8ont.s a variation of this 
form, used in attaching the fronts of dra>vers to tho sides, and 
for similar purposes. Hero tho dovetail is shown on tho one 
Bide only, a lodge being loft at tho end of a so that tho ends 
of the dovetails of tho side h do not penetrate quite to tlio front. 

Lap dovetailing is similar to this, but in that system the ends 
of tho dovetails of tho side a are shortened, and tho recesses 
which are to receive tliom in h are not out through ; when joined 
together, therf3for0, only the lodge is visible on tho return side. 

Mitre dovetailing — sometimes called also secret dovetailing — 
conceals tho dovetails, and shows only the mitre at tho edges. 
Tho manner iu which this joint is effected will bo understood 
from Fig. Ill, in which tho two parts a and B are given, each 
part being lettered to correspond with tho position it is to , 
occupy when tho sides are joined. Concealed dovetailing is 
imrticulorly useful whore the faces of tho boards are intended j 
to form a salient angle, that is, one which is on tho outside of 
any piece of work ; but where the faces form a re-entrant angle — 
that is, a joint to be soon from tho inside — common dovetiuling 
will answer best ; for, first, it is stronger, because tho dovetails 
pass entirely instead of only partly through; secondly, it is 
cheaper, for the dovetails which go through the whole wood 
take up so much less time in working than where a mitre has 
to be loft ; and further, if well executed, the dovetails are, by 
the very nature of the work, concealed internally. 

Fig. 112 exhibits a method of joining two boards at right 
angles to each other. This is tho simple mortise and tenon, and 
will not require any explanation. 

MOULDINGS. 

Mouldings are classed as Eoman, Grecian, and Gothic. 

Tho Boman mouldings are all formed of parts of circles, and 
can therefore bo struck with compasses. The Grecian arc prin- 
cipally composod of ports of curves known as tho conic sectiom 


— such as the ellipse or Hyperbola. They are otherwise nearly 
similar to tho Komou, which are therefore illustrated in this 
place os being the simpler and tho more generally used. The 
modes of describing the conic sections will bo found in the 
lessons in “ Praotioal Geometry applied to Linear Drawing.’* 

Fig. 113. — The moulding of wMch this is a section is called 
the OvolOf or quarter round. The fillet, or straight edge pro- 
jecting beyond the curved portion, is to be drawn first, and 
then tho horizontal, which represents tho depth or bottom line 
of the moulding. Now produce the bottom line of the fillet, 
and on it, from the point at which the curve is to start, mark 
off the width of the moulding. The point marked © in the cut, 
is the centre from which tho quadrant is to bo struck. 

Fig. 114 is called the Torus, or half-round. Having drawn 
the fillet, and tho lino representing the bottom of the moulding, 
draw a line at right angles to these. Bisect the width of tho 
curved part, and tho bisecting point will be tho centre. 

Fig. 115 is tho Cavetto, or hollow. This is a quarter-round, 
tho curve turning inward. It is thus precisely the reverse of 
tho ovolo. 

Fig. 116 is a section of the moulding called the Cyma Recta, 
Tho exact form of this moulding is to a certain extent a matter 
of taste, since the curvo may be made more or less full, os 
shown in the three examples, Figs. 116, 117, and 118. To 
describe Fig. 116, draw a perpendicular across tho depth of tho 
moulding, and bisect it. !Fj-om tho bisecting point as a oentro 
point describe a quadrant; through tho centre draw a horizontal 
lino, aiid from tho point where the quadrant already drawn 
touches this lino mark off the radius ; then from this point as 
a centre describe the second quadrant, which will complete the 
form. In this and tho subscquerit curves composed of com- 
bined arcs the greatest caro is noeosHory, so that tho one may 
glide smoothly into the other without Rlu)wing any break or 
thickening at tho joining. To dcscribo tho Cyma Kccta shown 
in Fig. 117, which is tho form most generally used, lot n and o 
bo tho points to bo united by tho moulding. Draw tho lino 7i o, 
and bisect it ; with half o as a base doscribo an oquilaioral 
triangle on tho opposite sitles of tho lino ; then tho apices * of 
the triangles will bo tho centres from which tho curves arc to 
be struck. 

To doscribo Fig. 118, or others tho oiirvos of which aro 
required to bo more flat than in tho last figure, draw tho lino 
n o as before, and bisect it. Bisect iheso two divisions again, 
and tho centres will bo on these bisecting linos, according to 
tho form required ; for, of course, tho longer tho radius the 
flatter tho curvo will bo. 

If it is required that tho curvo should bo more full at tho 
lower than at tho upper part, it may bo effected in tho following 
manner, which is shown in Fig. 119. Having drawn ?i o, divide 
it into three equal parts ; construct an equilateral triangle, tho 
base of which is two of those thirds, and on tho opposite aide of 
I the line another, tho base of which is tho remaining third. Tho 
j apices of those triangles will bo the centres for the curves. 

Fig. 120 is tho Cyma lieversa. In this moulding tho curve 
bulges outward at its upper part, its fulness being regulated by 
tho tasto of tho dosignor. Thus it may bo formed of two quad- 
rants, as in Fig. 120 ; or of two somicii’cles, as in Fig. 121 ; or 
it may consist of tho two arcs drawn from the apicos of triangles, 
as in tho cyma recta already shown. 

Fig. 122 is the Scotia. This is a hollow moulding, aometimes 
oonsistiTig of a Bemicirclo only — ^viz., the reverse of tho torus. 
In other instances, as in Fig. 122, it is composod of two quad- 
rants; and in otliors it is drawn from three centres, as in Fig. 123. 
To draw this, divide tho depth of tho moulding into throe equal 
parts, and with one third doscribo tho quadrant r u ; produce 
tho horizontal r u, and from r set off i, equal to half u r. At n 
erect a perpendicular, and mark on it n k, equal to i it; draw 
i k, and hisoot it ; j)roduce the bisecting line until it outs n k 
in 8. Draw s i, and produce it. From i, with radius i u, draw 
the next portion of the curve, meeting s i produced ; then com- 
plete the curve by an arc drawn from s with radius s n. 

A fillet (from tlio French word filet, a band) io the small flat 
edging used to separate two larger mouldings, to strengthen 
their edges, or to form a cap or crowning to a niouMing. Tho 
fillet is one of tho smollost members used in corni;,cs, archi- 
traves, bascJJ, and pedestals. When placed against the llut 

Apices— plural of apex, the upper point of ii triaiijjle. 
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Burfaoo of a podefital, it is usually joined to it by a small 
quarter-round hollow called tho Apophyge (Fiff. 124). 

The torus, when worked vory small, is called the Aairagal 
(Fig. 126) ; but when worked so as not to project, as on the 
edge of boards to be joined, it is called a head. 

Figs. 126 to 183 are sections of Gothic mouldings. The whole 
of the oonstruotion lines are given in the illustration, and it is 
hoped the student will bo able to work from those without any 
farther aid. The whole subject of “ Gothic Architecture** wiU 
be fully treated of in a separate series of lessons, 

FKEEHAm:) DBAWINQ FOE JOINERS. 

Wo now proceed to give some examples of free-hand drawing, 


Figs. 140 and 141 are ancient borders worked on tho ogee or 
cyma rerorsa moulding. Those are both to bo started in the 
same manner as Figs. 143 and 144 — ^namely, by dividing the 
width into equal parts for tho middle lino of the arch or of the 
tongue, and ^viding each space again to obtain the middle line 
of the dart or flower. The main forma are then to be sketched in. 

Fig, 142 is the Quilloche^ or chain, and is formed by con- 
centric circles overlapping each other. This pattern is easily 
drawn with compasses, but is here given as a freehand study, in 
order to give the student on exercise in severity and aoouraqy 
of form. 

Fig. 143 is a Greek border, composed of a leaf and dart, and , 
is presented, of course, with the understanding that it is to be 



which wc are sure will bo acceptable to the student. In ihese 
examples Figs. 134 and 135 oi’e studios of tho wave-line. They 
are, in fact, tho cyma recta repeated, the depth being lessened 
in Pig. 135. 

Fig. 130 is a study of tho elementary lines of a running scroll, 
formed of the wave-line, with tho addition of spirals. Caro 
must be taken in drawing these spirals, so that they may pro- 
ceed from the stem in a smooth and continuous manner. They 
should start as a continuation of tho wave-lino so gradually, 
that if tho stem beyond the spiral wore removed, tho scroll 
would be perfect, and that if the scroll wore taken away tho 
wave-line^ would remain uninjured. This should also bo the 
case in Fig. 137, in which tendrils are added to the scrolls. 

Pig, 188 is a further elaboration of the same design, tho lines 
being doubled. 

Fig. 139 is another simple running pattern based on the 
wavo-liuc. 


copied on a very much larger scale ; and tho student is again 
reminded that shading must bo secondary to outline, and that 
therefore it is intended that each of the studies here given is 
to be drawn twice, first, as distinct practice in outline; and, 
secondly, another outline having been drawn, tho shading may 
be added, but on no account is tho shading to be begun until * 
tho outline can bo drawn with facility. In commencing to draw 
this moulding, which is used as a decoration for the cyma roversa, 
set off the widths of the leaves, and draw perpendiculars, which 
will afterwards be the middle lines for the darts or tongues. 
Exactly in the middle of each of these spaces draw other per- 
pendiculars for the midribs of tho leaves. The curves are next 
to be drawn, being careful to balance the sides accurately. 

Fig. 144 is the Ghreek ornament known as the Egg and Tongue. 
It is used as a decoration for the ovolo moulding. The method 
of oommenoing to draw this is the same as in tho lost example, 
and thus any further instruetions nre unnecessary. 
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TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

V.-EDUCATION OF MA8TEES ( continwod)— TECIINICAI j 
. INSTEOCnON IN BLEMENTAEY SCHOOLS. 

BY 81B PHILIP MAOHUS. 

The influence of toobnical education on Continental manufac- 
tured is shown not only in the ohoxnioal) but also in various 
branches of the engineering industries. Many of the engines 
produced abroad arc in every respect equal to our own, and 
frequently muoh cheaper. Much of the machinery employed 
in mills and factories is homo>made, and the beautifully light 
bridges that span somo of the German rivers, combining, as they 
do, elegance of form with stability and economy of material, 
are models of construction, which conld have been produced 
only by the application of advanced mathematical and scientific 
knowledge. 

In the progress of the general manufactures of the country,' the 
education of the master or mill-owner counts for much. Success 
depends greatly upon the ability of those who direct those indus- 
tries to appreciate the applicability to their own work of any new 
invention or discovery, upon a knowledge of foreign countries, 
as well as of the habits and mode of living of tho people whoso 
custom tho manufacturer is desirous of obtaining, and whoso 
markets he ondeavours to supply. A knowledge of modern 
languages is of the greatest advantage to manufacturers in 
enabling them to adopt improvements originated abroad, and 
to bettor identify thomsolvos with tho circumstances of foreign 
life. Tho substitution for classics of additional mathematics, 
and of two modern languages besides the mother-tongue, in 
most of the Continental schools in which men of trade and 
cominerco receive their early education, is of great advantage 
to them, os supplying them with useful information, and as 
affording the best basis for the superstructure of higher technical 
instruction. 

lu doHoribing foreign schools, and in considering tho system 
of education pursued in them, wo shall bo stmek by tho 
careful and oomploto gradation of schools observable in somo 
Continental countries, and tho provision that is made for the 
education, in view of their special requirements, of all classes 
of the population. In tho systematic arrangement and subor- 
dination of odncationol institutions, wo have much to learn from 
the Germans and tho Italians. In consequence of tho frequent 
multiplication of schools of the same kind in this country, duo 
mainly to the absence of any central authority that conoornH 
itself with tho entire system of education, many kinds of schools 
which are very inuoli needed are altogether wanting, and it is 
difllcult to say how tho want is to be supplied. Of late years, 
efforts have boon made to provide improved technical instruc- 
tion, not only for artisans, but also for employers of labour ; 
but in facilities for the higher education wo arc still far behind 
some of our Continental neighbours ; and there can bo no doubt 
that tho maintonanoo of our present induotrial and commercial 
position will depend, far more than is commonly supposed, upon 
the means that arc provided for advanced technical education, 
and upon tho extent to which those who have to direct great 
manufacturing works avail themsolvos of these opportunities. 

TECHNICAL INSTRUCTION IN ELEMENTARY SCHOOLS. 

In considering the opportunities for technical instruction which 
are offered to the British workman, one must not lose sight of 
tho influonco of primary education on his subsequent training. 
Abroad, tho elements of ordinary education are so blended with 
what is commonly understood as technical instruction, that wo 
invariably find both kinds of teaching pursued in the same 
school. In Groat Britain, only very recently is tho dependence 
of toohnioai on primary education beginning to bo fully re- 
cognised. 

As the public elementary schools ore essentially the sohoola 
for the people, and as we may assnmo that foremen in all kinds 
of works are gouorally chosen from among the workmen, wo have 
to look to tho education given in our primary schools for tho 
oommcmoexnent of the training of the workmen and foremen of 
this country. To what extent, then, it may bo asked, is tho 
future career of tho workmen kept in view in the provisions that 
arc made for their education in onr imblic schools ? In tho 
touching of reading, writing, and reckoning, every effort is 


made, and duly encouraged to give to the child of the British 
artisan a fair start in life. It is, indeed, sometimes said 
that onr children are over-taught and subjected to undue 
pressure in order that their teachers may obtain their full 
share of remuneration, which, according to our present 
system, is mainly dependent upon their pupils’ success. But 
a comparison of tho hours of work in English and foreign 
schools would not show that the children of this country 
arc more severely taxed than they are abroad ; and although 
oases have occurred of weakly children having more work to do 
than their strength allows, the provisions of our Code are 
not by any means exacting, and do not demand from tho 
average child more than a reasonable amount of work. 

Tho only subjects of a technical character which arc included 
in our present Code arc certain branches of science and agri- 
culture for ehildron of both sexes, and needlework and domestic 
economy for girls. Drawing is taught in a relatively small 
number of schools, to rather less than a quarter of the number 
of children who are being educated in our public elementary 
schools. It is not, moreover, a subject included in the Code, 
being regarded as an extra, which is examined and inspected 
by other authorities, and by a different Deportment of State 
from that which superiuionds the instruction in other subjects. 
With the exception of needlework, which is obligatory 
in girls’ schools, the curriculum of our ordinary elementary 
Boliools does not include any subject that can be correctly 
regarded as technical in character. By taking geography 
as a class subject, elementary science may bo altogether 
excluded from the subjects of instruction; and in a very 
largo proportion of tho eohools this option is made. Chil- 
dren in Standards V., VI., and VII. may bo presented for 
examination in any two, but not in more than two of tho so- 
called specific subjects. They are the following : — Algebra, 
Euclid and Mensuration, Mechanics, Chemistry, Physios, Animal 
Physiology, Botany, principles of Agriculture, Latin, French, 
Domestic Economy. Of these, all, except Latin, Animal Physi- 
ology, Botany, and perhaps French, may bo regarded, if properly 
taught, as a part of tho tochnioal education of a child. In 
addition to roacling, writing, and reckoning, tho three essential 
requisites of primary education, drawing and elementary 
science, if practically taught, may bo regarded os indispensable 
in tho rudimentary technical education of our working classes. 
Those sulyccts aro not yot taught to tho extent to which they 
should bo. As I have already stated, drawing is taught in 
less than 25 per cent, of onr schools, and there are many 
towns in England in which scarcely any of the children receive 
instruction in scionoo. Indeed, in tho statistics previously quoted, 
it must bo taken into account that drawing is now taught in 
oil schools under tho Loudon School Board, and consequently 
the proportion of children outside of the Metropolis who Icam 
drawing is comparatively loss than that already stated. In many 
places, particularly in the groat centres of industry, commend- 
able efforts arc being made to introduce science teaching into our 
elementary schools. A great difficulty is tlio solootion of suitable 
teachers. It is the methods rather than the results of science 
which are of so muoh value in tho eduoatiou of children. Tho 
information conveyed by soienoe lessons is useful in itself ; but 
unless such lessons aro made tlie moans of awakening the intelli- 
gence, of stimulating the observing faculties, and of developing 
the reasoning powers, they fall shortof their main purpose. Other 
Bubjeots can be taught with sufficient Bucoess by the ordinary 
teacher ; but science, even in its elementary stages, requires to 
bo taught by one who has a wide grasp of his subject, and can 
utilise his lesson not only for imparting information, but 
for drawing out and developing the innate faculties of the 
child. To a^empt to attach a teacher so qualified to every 
elementary school is clearly impossible, both on account of the 
scarcity of such teachers and of the costlinesa of the instruction. 
It would prove, moreover, a most uneconomical arrangement, 
seeing that only a few children in each school would be able to 
take advantage of the instrnotion. 

In Birmingham and Liverpool a yery successful attempt has 
been made to overcome the difficulty by appointing a teacher 
of high attainments, with a full knowledge of his subject, and 
skilled in the methods of instruction, to go round from school 
to school, and to give scionoo lectures to the children and to their 
teachers. This peripatetic philosopher carries his apparatus 
1 with him, and visits in turn all the chief schools of the town. 
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Tke Byatem has boon deaoribod by Mr. W. Lant Carpenter in 
a paper road before the School of Arts, from which 1 quote the 
following extracts ; — 

“ The special feature of the scheme, and one which is rightly 
regarded as of the very highest importance in connection with it, 
is that these science demonstrations arc given not by the ordinary 
staff of the school, but by a specially appointed expert, whose 
sole duty it is to go round from school to school, giving practl« 
cally the same lesson in each one, until all havo been visited. 
The apparatus necessary is kept, and the experiments are 
prepared, at a central laboratory at one of the schools, and 
whatever is needed for a given lesson is carefully packed in 
neatly partitioned boxes, and is taken from school to school in 
a hand-cart, drawn by a boy employed for the purpose. In 
this way the Birmingham demonstrator, Mr. W. Jerome Harri- 
son, F.d.S., is able to give four lessons por day, of about 
forty-fivo minutes each, in as many different schools ; and at 
present all the thirty Board schools, or sixty departments, are 
thus receiving such instruction, which is given to about 2,800 
boys and 1,000 girls, from among tho 17,911 who were 
presented for examination in 1883.” 

In the eighteen Board schools of Liverpool in 1883, 10,512 
children were presented for examination, 7,203 .of tkeso wore 
examined in some of tho oloss subjects ; moreover, every boy in 
(Standards IV. to VI. was examined in mechanics, and every girl 
in the same standards in domestic economy, the numbers being 
1,868 boys and 1,334 girls. 

“ In Birmingham the lessons are given fortnightly. One of 
tho regular staff of tho school is always present, and it is his 
duty in tho intervening week to go over the lesson again to tho 
class, and drive it home. After this, each child writes out 
notes of the lesson, often in reply to questions set, and thoso 
notes are revised by the demonstrator himself, before ho next 
visits tho school. Tho practice of having one or more of tho 
ordinary toochers present at tho demonstration is fraught with 
more important oonsequonocs than at first sight appears. 

Tho general scheme of instruction is as follows ; — 

“ Boys, First Stage. — Matter in three states, solids, liquids, 
and gases. Mechanical properties peculiar to each stato. 
Matter is porous, compressible, elastic. Measurement as 
practised by mechanics. Production of a plane surface. 
Measures of length, time, and velocity. 

“In Birmingham tlua is given in twenty-one lessons, in 
Liverpool in thirty-four. Both courses itiolude such practical 
subjects as tho spirit-level, air-pump, thermometer, clocks, 
hydrometers, filters, &o. 

“ Boys. Second Stage. — The meaning of force, and work done ; 
gravitation and the three laws of motion ; the idea of ouorgy, 
both kinetic and potential, and of its oonsorvation. 

“Boys. Third Stage. — The principles of the six simple 
luochauical powers, the hydrostatic press, and tho parallelo- 
grams of forces and velocities. 

“ As arranged for tho girls, tho instruction in tho so-oallod 
‘ domestic economy * is as follows : — 

“ Oirls. First Stage. — Funotions of food, and its distribution 
by the blood ; tho chemistry of oxygen, hydrogen, carbon, and 
nitrogen ; the proximate composition of various kinds of food ; 
clotliing and its uses, and tho mechanics and chemistry of 
washing, both as regards the person and the clothes. 

“ Girls. Second Stage. — Food, its functions and composition, 
treated more in detail than in tho first stage ; and the physical 
and chemical principles involved in warming, cleaning, and 
ventilating a dwelling. 

“ Oirls. Third Stage. — Buies for health ; the management of 
a sick room ; the preparation and culinary treatment of food ; 
and lessons on expenditure and savings. 

“As regards the expense of the scheme, tho cost to tho 
Liverpool Sohool Board was about 48IOO for tho stock of 
apparatns, and w8470 yearly for the instructor and his assist- 
ants. In Birmingham, more than i8200 has been spent upon 
apparatus, and the present annual expenditure is — chief 
demonstrator, £300 ; two assistants, £255 ; two juniors, 10s. 
and 12s. per week, say £d5 ; or a total of £610, or about £10 
per year por school department. It is obvious that, under this 
plan, a maximtim of highly effioiont teaching is obtained at a 
minimum of cost ; since the same demonstrators and the same 
apparatus are available for a large number of schools — 
Birmingham, at present, for sixty s(^ool departmonts.*’ < 
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PRODUCTS OP THE CLASS AVES. 

Birds are warm-blooded, vortobratod animals, characterised by 
a double oircnlatlo:i and respiration, the adaptation cf their 
anterior extremities for flight, oviparous reproduction, and a 
covering of feathers. The following classification, founded on 
oertaln modifications in the straotnre of the beak and foot, may 
bo accepted as a useful arrangement for popular purposes. 

1. Raptorcs (Latin, raptor ^ a robber), or birds of prey, having 
a strong, curved, sharp-pointed beak, short robust legs, and a 
foot furnished with three toes before and one behind, which 
are armed with long, strong, crooked, and more or loss retractile 
talons, adapted to seize and laoerato a living prey. FxamplcG : 
oaglo, hawk, and vulture. 

2. lasessorcs (Latin, insidco, I sit on), or perchipg birde, 
having throe toes before and one behind, slender and flexiblo, 
with claws, long, pointed, and slightly curved ; a foot, in fact, 
organised and adapted for tho delicate operations of nest-build- 
ing, grasping tho slender branches of trees, and perching on 
them. Examples : sparrow, robin, and crow. 

3. Scansores (Latin, scando^ I climb), or climbing birds, with 
tho four toes arranged in pairs, two before and two behind — 
a conformation of tho foot most suitable for climbing trees. 
Examples : woodpecker, cuckoo, and parrot. 

4. Columhidoi (Latin, columbaf a pigeon), including pigeons 
and doves. 

5. Rasores (Latin, rado, I scratch), or scratching birds, 
having throo toes before and one behind, strong, straight, and 
terminated by robust, obtuse claws, adapted for scratching up 
the soil. Examples : turkey, pheasant, partridge, and the 
common barn-door fowl. 

6 . Qwrsorcs (Latin, cwrro, I mn), or running birds, with wings 
unfitted for flight, and feet formed for running swiftly over the 
ground, with two and sometimes three toes in front, and none 
behind, except in the apteryx. Exami)lo8 : ostrich and casso- 
wary. 

7. Grallatores (Latin, grallatoTy a stalker), wading birds with 
long legs, the three anterior toes long and slender, and the 
posterior toe elevated and short — a form of foot and leg which 
enables tho bird to seek its food in water along tho margins of 
rivers, lakes, and seas. Examples : crane, heron, sandpiper. 

8 . Natatorcs (Latin, natalor^ a swimmer), swimming birds, 
including thoso which have tho toes united by an intervening 
membrane. The body is protected by a dense covering of 
feathers, and a thick down next tho skin ; tho whole organisa- 
tion is adapted for aquatic life. Examples : duck, swan, and 
goose. 

The products of the class Avos consist of 
FOOD. 

All these orders of birds, with tho exception of tho first, afford 
flesli which may be eaten. Tho eggs of many of thorn are very 
nutritions, especially thoso of tho Kasorial birds: 1,035,171,300 
were imported into Britain in J88C. In ono cose, oven the 
nest is available as food — ^namely, the Chinese edible birds' 
nests, constructed by a Javanese swallow. Tho collecting of 
those nests employs numbers of people, as they are largely 
exported to China from Java, Ceylon, and New Guinea. It is 
calculated that 30,000 tons of shipping are engaged in this 
traffic, and that the value of their freights is abovo £280,000. 
But tho chief commercial value of birds lies in their 

FEATHERS. 

A feather consists of throe parts — tho quill, tho shaft, and the 
vane. The quill is that part of the feather by which it is at- 
tached to tho skin; it is cylindrical, hollow, and semi-trans* 
parent, possessing in an eminent degree the qualities of light- 
ness and strength. The shaft is covered by an outer layer of 
firm, homy material, like that which forms the quill, and on- 
oloses a soft elastic substance colled the pith. The vane con- 
sists of barbs and barbules. The barbs are attached to tho sides 
of the shaft, the barbules are given off from either side of the 
barb, and when long and loose they characterise tho form of 
feather known as a “plume” — c,gr., that of the ostrich, which, 
commercially considered, is tho most valuable of feathers. 
The development of feathers is always preceded by that of 
down, wliich constitutes tho first covering of young birds. 
Thoir colours are due to peculiar organic pigments, which may 
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be eeparatod by appropriate aolTente. The beautiful play of 
colours shown by somo feathers is referablo to a decomposition 
of light, analogous to that produced by mother-of-poarl, and 
other stiiatod surfaces. 

The preparation of feathers for military decoration, or for the 
toilette, forms the art of ihe plumassier, the French term for 
the artisan who works on them. Feathers may be dyed a 
variety of beautiful oolours, and of those, roBo«oolour or pink is 
given by safflower and lemon.juioe, and deep red by a Imth of 
Brasil wood boilmg hot, after aluming ; indigo supplies the 
blues of every shade, and turmeric the yellows, alum being the 
usual mordant. 

Ornamental FeaViers. — The most valuable and esteemed 
ornamental feathers are, unquestionably, those of 

The Ostrich (Struthio camelus). — The elegance of these 
feathers arises from their slender stems and disunited barbs. 
Those taken from the living or from recently killed birds are 
far more beautiful than the oast or dropped ones. The feathers 
from the back and above the wings are the best ; next, those of 
the wings and tail. Ostrich feathers dyed black — for which 
purpose logwood, copperas, and acetate of iron are used — are 
sold to undertakers as mourning plumes ; a full set is worth 
from .6200 to JB300. Ostrich feathers are scoured with soap, 
and then bleached. Fine white ones are worth from seven to 
eight guineas a pound. The finest white feathers of this bird, 
which is indigenous to Northern and Central Africa and Arabia, 
come from Aleppo in Syria. Good ostrich feathers are also 
received from Algiers, Tunis, Alexandria, and Cairo, and in- 
ferior ones from Senegal and the island of Madagascar. 

The Little Egret (Heredias leuce) is found in all the 
countries on the Mediterranean coast, and in Asia as far as 
the East Indies ; on alliod species, H. cegretta^ is a native of 
tropical America. The feathers of both species ore of the 
purest white, very delicately formed, six or eight inches in 
length, with slender shafts. The Turks and Persians embellish 
their turbans with them, and they form plumes for ladies’ head- 
dresses in Great Britain and on the Continent. 

The Great White Heron (Ardea alba) inhabits the shores of 
the Caspian, the Black Soa, and lakes of Tartary, and is also 
found in America and Africa. The largest and most expensive 
white heron feathers are furnished by the plumage of this 
bird. 

Common Heron (Ardea einerea). — The black heron feathers 
are supplied by this species, which is found throughout Europe, 
but especially in Prussia, Poland, and Bussia. Wo receive the 
greatest quantity from Siberia. 

Adjutant (Leptoptilis argdla)^ and a kindred species (L. 
marahou)^ furnish the exquisitely finrj and fiowizig plumes 
termed “Marabou feathers.” The former species is the well- 
known scavenger bird of India, its name being derived from its 
habit of frequenting the parade-grounds j the latter is a native 
of Africa. 

It is impossible to enumerate all the birds whose beautiful 
plumage supplies us with ornamental feathers. The feathers 
of the Bird of Paradise, the gold and silver pheasants, the 
poaoook, the several species of Ibises, the flamingo, the beau- 
tiful wing and toil feathers of the .^gus pheasant, and the 
wing of partridge and ptarmigan are all worn in children’s 
and ladies* hats. Cocks' feathers furnish plumes for soldiers ; 
eagles’ feathers are worn in the hat and bonnet in Scotland, 
and a plume of them is a mark of distinction amongst the Zulus 
in South Africa. The wing and side feathers of the turkey 
supply trimmings for articles of ladles’ apparel, and ore made 
into viotorines, boas, and muffs. 

Artificial flowers made from foathors are now much worn by 
ladies. The feathers selected for thoir manufacture are chiefly 
those of a purple, copper, or crimson colour, from the breasts 
and heads of humming-birds. 

Feathers are also worn as artiolos of clothing. The skin of 
the swan, after being properly prepared, is used for muff's, 
linings, and a variety of other articles of dress ; the skin and 
feathers of the penguin, puffln, and grebe (Podiceps cristatus) 
are worn as clothing on account of their beauty and warmth, 
supplying suitable material for victorines, tippets, boas, ouffs, 
and muffsi end other articles of winter attire. The native in- 
habitants of the Arotio regions, in some ports, make themselves 
ooats of tflrd-skins, which are worn with the feathers inside, 
Confucius, the Chinese philosopher, writes, that ere the art of 


weaving silk and hemp was understood, mankind used to clothe 
themselves with the skins of beasts and with feathers; and^« 
it is very oertain that the Chinoso are now very skilful and in-\ 
gonious in the art of plumagery or feather-working. The^ 
manufacture garlands, chaplets, frontals, tiaras, and crowns of 
very thin copper, on which purple and blue feathers are placed 
with much taste and skill. 


PROJECTION.— IX. 

PENETEATIONS OP SOLIDS (continued). 

Fia. 105 is the plan and elevation of a square prism, penetrated 
at its edges by a smaller prism, their axes being at right angles 
to each other. Having drawn the square ABO D — ^tho plan of 
the larger prism — draw the line b p through the centre, and 
make it equal to the required length of the smaller prism. At 
p draw j K, and at e draw a h, equal to the diagonal. On a H 
oonstmot half the square of the end — ^viz., produce p b until B i 
equals B h, and join i H and i g. Draw H J and a K. These 
will complete the plan of the smaller prism, which will penetrate 
the sides of the plan of the larger prism in L ir N o. Project 
the elevation c A B of the larger prism from the plan, and draw 
a' K' at right angles to the axis. On each side of G K set off the 
length E I — viz., points e, e ; p, p. Draw perpendiculars from 
B and M, cutting g’ k' in i/ m'. Join c l' c, B m' B, which will 
be the lines marking the intersections of the two prisms. 

Fig. lOG shows the projection of this object when the axis of 
the smaller prism is at an angle to the vertical piano. 

Fig. 107 is the development of the longer prism, showing the 
shape of the openings through which the smaller prism is to 
pass. On a straight line set off four times the width of the 
side of the plan represented by A B B c A. Erect perpendiculars 
from these points equal to the height of the prism, and draw a 
horizontal line at their oxtromities. Produce bp, g'k', and 
E p, to cut lino c in p Q B, and line b in p' q' b'. On each side 
of Q sot off Q s and q t, equal to c L in the plan, and set off the 
same measurement — ^viz., Q' s' and q' t' — on each side of q'. Join 
p s B T, and also p' s’ b' t , and two lozenge-shaped figures will 
be formed. It will be observed that these are wider across 
than the prism which is to pass through the aperture, but it 
must be remembered that the two sides of the larger prism are 
bent at right angles to each other, and thus, when the perpen- 
diculars A and b are brought together, B and T approach each 
other until the distance between thorn is equal to m n in the 
plan, which, it will bo seen, corresponds with the dmgonal of 
the end of tho smaller prism. 

Fig. 108 is the development of one of tho projecting ontls of 
tho smaller prism. Here tho widths arc taken from a i in tho 
plan of tho smaller prism (Fig. 105), and tho heights from 
B P, J N, M K. 

PLAN ANB ELEVATION OP A CYLlNBBli PENETRATED BY A 
SMALLER ONE. 

Tho circle in tho lower piano (Fig. 109) represents tho plan 
of the larger, and tho parallelogram d d' e' e that of tho smaller 
cylinder. From this figure project the mere cross which forms 
the elevation. No explanation of this process is deemed neces- 
sary, tho object of tho lesson being to find tho curve generated 
at tho points whore the penetration takes place. The student 
is hero reminded that, as tho plan is the view of tho object when 
looking down upon it, tho lino o A B c', which is tho top lino of 
tho Bxnoller cylinder in tho elevation, is tho middle lino in tho 
plan ; and thus the line B E, which is tho front or most promi- 
nent line of tho cylinder in the plan, is represented by B e, tho 
middle lino in tho elevation. 

From & in tho plan, with radius c' e, describe a semicircle, 
which represents half of tho piano of tho end of the cylinder. 
This plane, although laid down flat, is supposed to st^d up- 
right on the line B e’ at right ungles to the plan. Divide tho 
semioirole into any number of equal parts, and from those 
divisions draw linos meeting E x' at right angles in v and o. 
Sot off the lengths of these perpendiculars on each side of the 
line B E in the olevation^ — viz., F F and g g, and draw lines 
from those points across the whole length of tlio elevation of 
the smaller cylinder. Draw similar lines parallel to o o' from 
the corresponding points in the plan — ^viz., F f\ g g', which 
lines will bo seen to pass, not ody through tho smaller, but 
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al 80 through tho largor cylinder, roproJienting na they do 
planes common to both the solida. From tho points A and B, 
f g draw perpcndicnlara to moot the horizontals drawn from 
the points similarly lettered in the elevation, and tho inter- 
sections e e,f f, g g will give the points throngh which tho 
curves of the penetrations are to be drawn.* 

Fig. 110 shows tho projection of tho objects when tho plan 
has boon rotated, so that tho axis of tho smaller cylinder is at 
an angle to the vertical plane. Tho lettering is omitted, but as 
all the linos of construction are shown, it is hoped that tho 
student will bo able to project tho object with tho aid of tho 
instructions hero given. It has repeatedly boon shown that 
when an object is simply rotated on its axis, or on a solid anglo, 
without altering tho inclination, the heights of tho various 
points will remain tho Kamo. This fact may bo observed in a 
crane. When tho weight has boon raised as high as may be 
reejnired, tho ere no is rotated, but tho height of tho top and 
of the weight will bo exactly the same in which direction soever 
tlio crane may bo turned, and thus tho piece of ground over- 
hung by tho crane and weight will remain the same in form 
thoagh altered in position. If, therefore, the plan and elevation 
given in Fig. 109 has boon prepared, it will only be necessary 
to repeat tho i)lan, placing the axis of tho smaller cylinder at the 
required angle ; then pcrpoiidioulara raised from tho various 
points in tho plan may bo intersected by horizontals drawn from 
tho corresponding points in tho elevation, and tho intersections 
thus obtained will give tho points required for tho pro- 
jection. 

But, in i)raotico, tho whole of tho object shown in Fig. 110 
might bo jirojcctcd without referring to tho previous one, and 
it is important that tho student should understand this, as 
otherwiao timo would bo lost. To project the object when at 
any angle, therefore, proceed in tho following maimer : — Draw 
the circle which represents tho plan of tho larger cylinder. Draw 
a lino through the centre of this, making lui angle with the 
iutorsocting lino corresponding to tho angle which t’lo axis of the 
smaller cylinder is to make with the vertical plane. On this 
lino set off, on each side of tho centre, half tho length of tho 
Ri nailer cylinder, and at those points draw linos at right angles to 
tho lino of the axis. The plan of tho object will then bo com- 
l»loto, and wo proceed to project tho (Novation from it. Draw a 
fine or dotted line through tho centre parallel to tho vertical 
piano, and from the oxtromitios of this diameter carry up tho 
perpendiculars which are to form tho odge.s of tho elevation of 
the larger cylinder. Now it must bo borne in mind that these 
are not the points from whirh the elevation of the cifUnder would 
he projected if the axis of the smaller one were parallel to the ver- 
tical plane. In that case tho i)orpendiculara would be raised 
from the points where tho axis of the smaller cylinder cuts the 
circumforonoo of tho plan of the larger one ; but if this wore 
done in the present position of tho plan, the elevation would bo 
nart'oiver than tho cylinder. All vertical sections of a cylinder 
are lyarallelograms, and all those which pass through the centre 
are equal. Still, reference to hHg. 8 (page 9) will remind tho 
student that the real size of a piano is only obtaino<l in tho ele- 
vation when it is parallel to tho vortical piano ; and it will bo 
seen that the elevation of tho plane, of which tho diameter of tho 
plan, which is at an angle with tho vertical plane, is the eleva- 
tion, would not therefore be tho projection of tho largest section, 
tind would not represent tho true width any more than tho eleva- 
tion of the open door in Fig. 11 (page 24) represents its real width, 
and it thus becomes necessary to draw tho dotted line referred 
to, 80 that tho elevation may represent tho greatest width of 
the cylinder. Now draw another diameter in the plan at right 
angles to the axis of the smaller cylinder, and tho oxtromitios 
of this lino will be tho front and back lines of the larger cylinder, 
which, if the axis of tho smaller one were parallel to the vorti- 
05 il plane, would be tho centre of the elevation; but as it has of 
course rotated with tho object, it is central no longer, but its 
relation to tho heights remains the some, however the larger 
cylinder may bo turned on its axis. 

On this pof^endioular, therefore, set off from tho intersecting 
line the real height, and draw tho liorizontal lino, which repre- 
sents tho top of tho larger cylinder. 

Mark on the perpendicular, too, tho height at wliicli the axis 

** The points at, x, at aro not used in this projection, hut will ho sub- 
sequently referred to. 


of tho smaller cylinder intersects tliat of tho larger, and draw a 
horizontal through the point. 

Botuming now to tho plan, tho preparation for the projection 
of the circular end of the smaller cylinder, as shown in Fig. 77, is 
necessary. On tho lino which forms the ond in tho plan draw 
a somioircle, and divide it into any number of equal parts. 
Through these points of division draw linos parallel to tho axis 
of the smaller cylinder, which will be seen to pass through tho 
plan of the larger one, and tho intersections will bo the plans 
of points “ common to both ’* cylinders. 

Now, from tho points whore those lines moot the straight 
lino, which is tho plan of the ond of tho smaller cylinder (on 
which tho Bomicirolo 1ms been drawn), raise perpendiculars 
passing through tho horizontal lino which has been drawn 
across the elevation, and abovo and below this horizontal sot 
off on tho perpendiculars the lengths of the lines drawn from 
the points in the plan from tvhicli they started to tho semicircle. 
Join tho points thus obtained, and tlie projection of tho end 
will bo obtained. From each of the points through which tho 
ellipse has been drawn now draw horizontal linos, and raise 
perpendiculars from tho points in tho opposite ond of tho plan; 
tho curvo of tho ond of tho smaller cylinder which is turnca 
away must then bo tmcod through those points, and it will bo 
observed that, as only one side of the ellipse could really bo 
seen in this position of tho objoot, tho other half is drawn in 
dots. It now remains to find tho shape of the curve of penetra- 
tion — that is, tho curvo generated where the smaller cylin- 
der penetrates the larger, and this will bo accomplished by 
finding tho elevations of tho points which in the plan wore 
spoken of os “ common to both ” cylinders. From these points 
— that is, from the point. s where tho linos drawn parallel to the 
axis of tho smaller cylinder cut the circle, which is tho plan of 
the larger one — erect perpendiculars cutting tho horizontal lines 
in tho elevation, which are in fact tho elevations of the lines in 
tho plan. Tho curves must then bo trtujod through the inter- 
sections of these two sets of lines. Tho perpendiculars must bo 
drawn not only from tho points on the front of tho plan, but 
from those on the back part, and these cutting the horizontals 
will give tho points through which tho curvo on the other side 
of tho cylinder is to be drawn. 

Tho reason why tho perpondicnlars at tho back are to cut the 
same horizontals as those in tho front, is that already i>ointod 
out — ^viz., that a i)oint is not altered in height when tho object 
on which it exists rotates on its axis in the manner shown in 
tho diagram. 

APPLIED MECHANICS.— IV. 

BT SIB UOBEBT STAWKI.!. BALL, LL.D., 
Astronomer-Koyal for Ireland. 

THE CRANE. 

INTRODUCTORY — THE FRAMEWORK — THE WHEELWORIC. 

In tho various operations connected with manufaeturos, and 
with tho transport of goods from one place to another, it 
frequently booomos nooessary to raise weights and carry thorn 
about. When tho weights are largo, amounting as they often 
do to many tons, special mechanical appliances have to be used. 
It is our intention in this lesson to examine into some of the 
machines used for this purpose. 

In unloading a ship at tho quay-side, some heavy weight — 
such, for oxamplo, as a block of marble weighing ten tons — 
must first of all bo lifted from the hold. It must then bo 
carried from the ship to tho quay, and there bo deposited in 
safety. The machine which is able to accomplish this must 
have throe distinct properties. In the first place, it must be a 
Buflioiont mechanical power to overcome tho resistance. In tho 
next place, it must bo sufficiently strong to sustain tho load 
suspended from it ; and in tho third place, it roust bo capable 
of moving the block, when suspended, from the ship to the 
quay. These three requisites aro very beautifully combined 
in the useful machine known as the lifting crane. With its 
powerful aid throe men would bo easily able, at the cost of a 
little time, to unload the block of marble, even tliough it weighed 
ton tons. Wo shall consider the several parts of a crane sepa- 
rately, and show how each is adapted for tho work it has t4 
perform; wo shall then describe some forms of crane which 
are used for various purposes in tho arts of construction* 
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THE FBAMKWORK. 

The form of crano which is moat familiarly known is that 
which is Bomotimes called the jib-crane , It is in reality a 
triangle^ one side of which is held vertically, while the load is 
Buspended from the opposite vertex. The framework of this 
crane — ^with which alone we are at present engaged — ^is repro- 
Bonted in Fig* 1 in a diagrammatic manner, a n o is a triangle 
of which the aide ab is held constantly vertical, while the load 
is suspended from the vertex c. 

We shall first endeavour to ascertain the nature and amount 
of the straina along the different ports of this structure. A 
knowledge of these strains is quite essential to a complete 
understanding of any machine. By this inquiry the proportions 
of the different parts can bo pro- 


Fig. 1. 



‘f' 'Q a<l justed, so that failure 

® of strength on the one hand, 


or, what is also very unde- 
sirable, extravagant waste of 
material on the other, may bo 
eqtially avoided. 

In Fig. I, w is the position of 
the suspended weight. If I take 
a length, o o, which is propor- 
tional to the magnitude of w,and 
place an arrow to indicate the 
direction of the force, the lino 
CO represents the force, as explained in the first lesson in 
“Meclianios" (Povtjlab Educatou, Vol. III., p. 12). Now 
this force c O must bo supported by n c and a o, and tlioroforo 
there must be certain strains acting down these lines. In order 
to find them, draw o p parallel to b c, and o Q parallel to A c. 
Then by Lesson HI. (“ Mechanics ”) the force o c can bo decom- 
posed into two forces, c p and c Q. 'I’ho directions of these 
forces are indicated by the arrows ; that along o A is a force of 
compression, that along CB is a force of extension. Since oc 
and o P are parallel to A u and c B, the triangle o o P is similar 
to the triangle A B o, and hence the forces o c, o p, and c Q 
are proportional to the sides of the triangle A n c. If, therefore, 
the load bo represented by A B, the strains along b c and A c are 
represented by their lengths. 

The lino B c is in a state of tension ; that is, the force is 
tending to tear it asunder. Now a force of this kind is called 
in moch^inics a “tie,'" and the amount of the force wliich is 
straining is called its tension. On the scale of the figure the 
line B c is double A b, and hence the tension of B C must bo 
double the load. If, then, the crano were employed in raising 
a load of ten tons, the tension along b c would bo twenty tons, 
and the tie must therefore be strong enough to bear this amount. 
But in constructions of this kind it is not sufficient that a piece 
bo just sufficiently strong to bear the strain it has to carry : wo 
must always allow a very considerable margin. This is especially 
true in a machine like a crane, which is subject to countless 
jerks and shocks, which for a moment place a far greater strain 
upon its parts than would bo produced by the more loud it sup- 
ports. In the lowering of heavy weights this is especially 
the case, for sometimes slight slips occur in the links of the 
cluiin, or the load has to bo stopped suddenly in its descent. 
Hence we ore aoenstomod in mechanical constniction to intro- 
duce what is called the “ factor of safety." Tims, in the present 
case, instead of making the tie just strong enough to bear the 
Utmost load the crano is intended to raise, wo make it ten times 
08 strong: the factor of safety is then said to bo 10. In a 
crano the factor of safety should not be less than 10. It is 
sometimes even more than this j but in other moohinoa which 
are not exposed to the rough usage to which cranes are liable, 
the factor need not be so large. 

Wrought iron, from its great tenacity, is admirably adapted 
for making the tics of cranes. A rod of iron one square inch 
in section will require a force of nearly twenty tons to tear it 
^nder. Hence we must make a crane on the proportion of 
1 with a wrought-iron tie ton square inches in section, 
w it will then be able to withstand any strain less than 200 
tonsj-that is, it will be ten times as strong as would bo absolutely 
the bare purpose of sustaining the weight. In every 
case the tie, if made of wrought iron, should have a total section 
pl^® less than half an inch for each ton of strain. 

The jib A c has to witlistand a thrust. In fact, it is a pillar, 
ind the component of the load which it supports is tending to 





crush it. It must therefore bo made of materials which are 
capable of resisting a crushing force. In ordinary cranes it 
is very often made of a piece of timber, which is very well 
adapted for resisting a crushing force. A bar of wrought iron, 
such as would make an admirable tie, would be quite unequal 
to withstand the crushing without being of great aiso and cost. 
Sometimes both jib and tie are cast in one piece of cast iron. 
This arrangement answers well for cranes which arc used for 
raising a few tons, but would 
bo quite unfit for the largest 
cranes, on account of the 
massiveness whicli would bo 
nocoBBary to give sufficient 
strength. By far the best 
arrangement for the jib of a 
largo crano is a girder of rr Fie. 2 . 

riveted uToiight iron ; for by 
means of this arrangement 
tho material is so disposed as 

to present a large amount of resistance to a force of crushing. 

Tho form which a wrought-iron jib may have will be under- 
stood from tho section shown in Fig. 2. A B, c d are iron plates, 
which are riveted together in lengths. A good plan of fastening 
those plates together is shown in Fig. 3, where tho plates overlap, 
and arc riveted together, the object of the arrangement being 
to have tho united ijioces just as strong at the joint as elso- 
where. Two plates the whole length of the jib arc thus pre- 
Ijared, and they are shown in section in A b, o d of Fig. 2. Now 
these plates being thin in proportion to their length, would not 
bo stiff unless secured together. They are perhaps one inch 
thick hy about ten inches wide, and as they may be fifteen feet 
long, they arc in reality oidy strips or ribbons. They arc then 
bound together by plates of iron, of which tho section is shown 
at PQ. ThcBo plates of iron ore attached to the plates at right 
angles by moans of what are called angle-irons, shown at h 
and M. Those angle-irons are riveted to both, and so the 
wliolo is bound into ono 
piece. The ])rocc’HS of rivet- 
ing is admirably adapted for 
this purpcBo, as the rivet in 
cooling exerts a tremendous 

force in drawing tho pieces Pig. a. 

together. 

A jib made in this way is light, and at the Kamo time ex- 
tremely strong. In fact, it is hard to see how such a jib could 
bo crushed unless the rivets were actually torn across j and they 
are mado strong enough to prevent this from being likoly to 
hapijcn. Tho thrust which the jib has to support is generally 
at least three or four times as groat as tho load which the crano 
supports. This is evident from tho fact that tho three forces 
aro projiortional to the sides of tho triangle A B o ; so that 
these precautions are not unnocessary. 

We have, then, examined briefly into tho structure of tho jib 
and tho tic. Wo now come to consider tho part a d (Fig. 1) by 
which they arc supported. The post has another important 
duty to fulfil— it supplies tho pivot about which tho crane turns. 
This is often made of coat iron, and is firmly embedded in solid 
masonry. The post requires to bo very stout, as there is a 
groat strain upon it tending to snap it off at A, Tho magni- 
tude of this strain may easily be 
understood when wo remember 
tho ijrincqde of momonta, which 
has already been laid down in 
Lesson VIII. in “Mechanics." 

If w bo the magnitude of tho 
load, and A Q (Fig. 4) bo tho 
length of tho perpendicular from 
A in tho clirootion of w, then 
w X AQ is tho momont wiLh 

which tho weight tends to wrench off the post A B ; but tho 
moment w X a g is equivalent to — 
w X AQ 
A iu ^ 

and hence the force tending to break tho post is equivalent to 
a force - W x AQ 

ab 

acting at a distance A s. This is in general larger than w. 
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H we snppose x B not to be fimly embedded in the {pronnd, 
we must bj some other means exert a force upon it sufficient to 
oounteraot the moment of the weight. There are two different 
ways in which this may be aooomplished. 

In a crane which is often used for quarrying and other rough 
purposes, and which is sometimes called a guy crane, there are 
two stays, one of which, B J>, is shown in !^g. 4. These stays 
are attaohod at one end to the top of the post, while the other 
end is firmly secured into the ground. By this means the post 
is supported without being itself of great strength or embedded 
very deeply. The disadvantage of this form is that the orane 
takes up a great deal of room, and also that it is only able to 
turn round a part of an entire circle, as the jib cornea in con- 
tact with the stays in the extreme positions. 

Another method by which a crane-post can be supported is 
by having a counteri>oiso on the other side, which counteracts 
the effect of the load. This arrangement is particularly conve- 
nient for portable cranes, when it is impossible to secure the 
post in the ground, or even to bo able to fasten the ends of the 
stays of a guy crane. 

A very convenient portable crane on this principle is shown 
in Fig. 5. Here the boiler and fireplace of the engine which 
works the crane project behind, and their weight acts as a 
oounterpoise to whatever load may be suspended from the 
hook w. 

This crane is adapted to run upon a tramway, and is thus 
very oonvenient in all operations 
oonnoctod with the transport of 
heavy materials. The tie is in 
this cose partly composed of 
a wrought-iron rod and partly 
of a chain, which passes through 
a pulley at d. The object of 
this arrangement is to enable 
the jib to be raised or lowered 
as the exigencies of the work 
may roqture. This chain is not 
to bo confounded with the 
lifting chain, which wiU bo 
presently considered. The jib, 

A B, in this crane is formed 
of timber. It will bo aeon that 
it is to some extent spindle- 
shaped. The reason of this 
IS that the jib is more liable 
to brook in tho middle than 
nt either end, so that by giving 
to it this form it is made of on equal strengrth throughout. 

THE WHBELWOBIC. 

The hoisting apparatus is entirely distinct from the frame- 
work which we have been considering. It consists of a barrel 
or drum, on which the chain is wound, and a train of wheels, 
through tho intervention of which the barrel is turned by a 
handle. The nature of the train of wheels depends upon tho 
load which the orane is intended to raise and l^e power which 
is employed. 

In order to explain this, wo shall take a simple case first. 
Suppose we have a pinion of 20 teeth mounted upon a shaft, 
and that this shaft is turned by a handle which moves in a 
oirole of three feet in diameter. Now let this pinion turn 
A wheel of 200 teeth, and on the same shaft as the wheel let a 
drum one foot in diameter be secured. Now supposing this 
arrangement be applied to a orane, and that the chain pass over 
the pulley at the top of the jib, and have a weight suspended 
from it, what weight will one man turning the handle bo able 
to raise? 

Tho principle of virtual velocities wiU determine this. We 
must first ascertain the space through which tho power of the 
man must be appUed in oi^er to raise the load a given distance. 

When the barrel has made one revolution, ?? X 1 = ^ foot of 

7 7 

chain wiU be pulled in. But when the barrel has made one 
revolution, the wheel of 200 teeth most also have made one 
revolution. But the pinion which gears into this wheel must 
have made ten revolutions, because the wheel has ten times the 
number of teeth in the pinion. Tho handle must therefore 
have been turned round ten times. Now the handle describes 


a oirole three feet in diameter, and thoroforo tho distance 

through which the power of tho man must be exerted is 3 X ? 

22 ^ 
for one revolution : and therefore 30 X for ten revolutions. 

7 

Thus the virtual velocities of the power and the load are 
^ and 30 X y* principle of virtual velocities 

already referred to in the ** Lessons in Heohanios,*’ the meoha- 
nical efficiency tho machine is the ratio of the virtual vel(>ci> 
ties, that is — no 

30 X £r 

^ 30. 



Hence the efficiency of this crane is thirtyfold — that is, for 
example, if a man exerted a pressure of 40 lb. on the extremity of 
tho winch, ho would be able to raise 40 X 30 = 1,200 lb. ; and 
therefore two men at such a orane conld raise a ton with ease. 

But wo often find in cranes more than a single wheel and 
pinion. There are sometimes two wheels and two pinions in 
powerful cranes; but in aU cases the mechanical efficiency 
may be found by the foUowing rule : — 

iSlultiply the diameter of the oirole described by the handle 
into the product of the number of teeth in all tho wheels. 

Multiply the diameter of the barrel by the number of teeth 
in all the pinions. 

The former of these products 
divided by the latter gives the 
mechanical efficiency of tho ap- 
paratua 

Thus, for example, suppose a 
orane in which the handle and 
barrel wore the same as in tho 
last example, but that on tho 
shaft turned by tho handle was a 
pinion of 12 teeth, which worked 
into a wheel of 180 teeth, and that 
on the shaft carrying the latter 
wheel is the pinion of 20 toeth 
working into the wheel of 200 
teeth which oarrios the barreL 
Now tho product of tho dia- 
meter of the circle described by 
tho honcllo with the numbers of 
teeth in tho two wheels is — 

3 X 180 X 2C0j 

and -jiho product of tho diameter of the barrel and tho numbers 
of teeth in tho pinions is — 

1 X 12 X 20. 

Hence tho meohanioal efficiency is--* 

3 X 180 X 

450. 

In a orane fitted with hoisting maohinery of this kind a man 
I exerting a power of 40 lb. could raise a load of- 
450 X 40 e 18,0001b. 

Tho rule which we have given is very easily proved, and the 
reader will find it a useful exerciso to deduce it from tho prin- 
ciples laid down in Lesson VIII. in ** Moohanios.'’ 

In tho crane represented in Fig. 5, the mechanical efficiency 
is doubled by tho movable pulley from which the load is sus- 
pended. Supposing this orane, then, to have the train of 
wheels which wo have desoribod, its meohamoal efficienoy would 
bo 900. 

It will be noticed that we have taken no account of the effect 
of friction when speaking of the crane. Tho reason of this is 
that when the maohinery is in proper order the amount of 
friotion is small. We can see at onoe in auy crone that at all 
events less than half the power is lost by friotion, beoanse the 
weight will go down by the run if allow^ to do so. In fact, 
this has often been the causa of very serious accidents; bnt 
we have already laid down that in no maohine where more than 
half the power is lost by friction is it possible for the load to 
ovexrun. Hence the loss in the orane is less than a haH. 
PraotioaUy it will not ill a welLoonstrnoted orane be more than 
a fourth or a tifth. 
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THE STEAM-ENGINE.— III. 

By J. M. WiONSR, B.A.» B.So. 
APPAAATnS--HiTAin3-PIPE jrOR liOW'PBBSSXTBB B01LBB3 
— “ OIPPARD’S INJECTOR **-!—“ BUCKET BOILER FEBO" — 
EAFETY-YALVBS — PRESSURE GAUGE. 

The Brat point which demands our attention in the present 
paper is the manner in whioh fresh suppliea of water are from 
(time to timo introduced 
into the boBer, to take the 
.place of that whioh has 
been conyerted into steam, 
llio importance of attend- 
ing very oarefully to this 
will be. seen from our last 
paper, and from the fact, 
that in a large proportion 
of boiler explosions the 
cause has been found to be 
an insufficient supply of 
water. 

Much attention has 
therefore been directed to 
the construction of self- 
acting feed arrangements, 
whioh shall act quite inde- 
pendently of the engineer, 
and thus obviate the risk 
of accident by neglect on 
his part. There is some 
difficulty in accomplishing 
this, mainly arising from 
the fact, that the steam 
inside the boiler is at a 
high pressure, and that the 
water has therefore to bo 
forced in, and that, too, 
without allowing any escape 
of the steam. 

If cold water be employed 
to feed the boiler, the tem- 
perature of the whole is 
considerably reduced, and 
an increased expenditure of 
fuel is thereby rendered 
neoes.sary. This may easily 
be, to a great extent, 
avoided, for the steam, 
when it has accomplished 
its work and escapes from 
the cylinders, is still at a 
high temperature, and may 
therefore be advantageously 
used to warm the feed. In 
this way a considerable 
amount of heat which would 
otherwise be wasted is uti- 
lised. Arrangements are 
usually mode by whioh the 
heated water from the con- 
denser, or other parts, flows 
into a hot-well, from whence 
the boiler it fed. 

In condensing or low- 
pressure engines, the waste 
steam is condensed . by 
means of a jet of cold water 
in the condenser, and in 

special arrangements are made, by whioh a 
water leaves the condenser at a temperature very 
tottle below the boiling-point. 

- The ^nslamotion of the feed apparatus varies, according as 
we engine is a low-pressure or a high-pressure one. In the 
orm^ class, the pressure of the steam 4n the boiler does not 
osimlly ex^ed that of the atmosphere by more than about six or 
«gW ^undt to the square inch, and water is then commonly snp- 
by means of a vertioal stand-pipe with a small cistern at 
Abe «nd,.as show«-in Jig. 12. - H-isl tiio-staiid-pipe, which 
* 14 — N.K. 


passes nearly to the bottom of the boiler, and is of such a 
length, that the ordinary pressure of the steam will keep the 

_ a. 

cistern, opening into u by means of a valve attswhed to thi: 
rod D. 

This rod is jointed to the lever b c, and the valve is usually 
kept closed by the weight c. Attached to the other end of the 
lever is a rod, i, which passes through a stuffing-box, g, snd is 

fastened to a float. A. 

When the level of the 
water in the boiler falls, 
the float A sinks likewise, 
and in so doing opens the 
valve and allows water to 
pass from the cistern into 
the boiler till the level is 
restored. The weight o 
then closes the valve again. 
When the apparatus is 
working properly, the float 
keeps the valve a little way 
open, BO that a small stream 
of water enters at just the 
rate at whioh it is evapo- 
rated, and thus the level 
does not fluctuate to any 
perceptible degree. 

In the tube h is seen a 
float E, whioh is connected 
with a damper in the flues 
in snob a way, that when 
the pressure of the steam 
increases, and the level of 
the water in h consequently 
rises, this float rises like- 
wise, and in so doing lowers 
a damper which checks the 
draught till the pressure of 
the steam again diminishes. 
A double purpose is in this 
manner served by the stand- 
pipe : it regulates the feed, 
and also the draught. 

There is one drawback to 
the use of these self-acting 
food arrangements, and that 
is, the fear lest the valve 
should stick in its seat, or 
the rod connected with the 
float should become fixed in 
the stuffing-box, and thus 
cause the apparatus to 
coaso to act. Tho engineer 
might then go on supposing 
that all was right, and omit 
to look at his gauge-gluss 
till tho boiler was seriously 
injured. This objection of 
course applies to all self- 
acting arrangements ; but, 
with ordinary care, it is not 
a serious one. The impor- 
tant point is for the engineei 
not to trust solely to tho 
apparatus, but frequently 
to consult the gauge as 
well, and then all danger 
• ' will be avoided. 

This apparatas is clearly inapplicable to high-pressure 
boilers, since the pressure in them is seldom less than thirty of 
forty pounds to the square inch, and often very much greater, 
A stand-pipe would therefore have to be oarriod to a great height, 
and be altogether impraotioable., For these boilers, then, a 
different plan has to be adopted, and the most usual arrange- 
ment is to have a small iorce-pnmp to drive the water from tho 
hot^ell into tho boiler. This pump can bo thrown out of gear 
at pleasilve, and a cook is usnally placed in its suction-pipe, so 
as to; limit its i action when veqoired. Sometimes this furce* 




THE TECHNICAL EDUCATOR. 


1210 


pump is oonneotod with the engine and driven by it in other 
cases it is altogether separate, being worked by a small engine 
of its own. This latter plan is generally adopted in cases 
where several different engines are driven from one boiler or 
one set of boilers, the advantage being that the pump can be 
set in action even though the engines are at rest, and it is also 
more under oontroL 

The engineer then observes the gauge-glass, and regulates 
the action of this pump accordingly. It is very desirable, how- 
ever, so to regulate it that the level of the water varies as little 
as possible; for frequent fluctuations — even though not suffi- 
ciently extensive to endanger the boiler — render the generation 
of steam less uniform, and to a certain extent impair it. 

Avery ingenious apparatus, known as “Giffard’s Injector,** is 
now frequently employed as the means of injecting water into 
high-prossuro boilers. The action of this is somewhat strange, 
since the water is forced into the boiler by the pressure of the 
steam on the surface of the water in the instrument, and this 
pressure is clearly loss than that of the steam in the boiler. 
One great advantage of this instrument is the absence of all 
valves, with the exception of one placed as a check whore it 
is connected with the boiler, and serving to prevent the escape 
of water when the instrument is not in action. It cannot, how- 
ever, be employed when the temperature of the feed-water is 
much above 120®, as a part of its efficacy appears to arise from 
the condensation of the* steam. This is a drawback to its more 
general adoption, since it is always very desirable to have the 
food as bot as possible. 

A very ingenious self-acting food apparatus for high-pressure 
boilers, known as the “Patent Bucket Boiler Feed/’ is now 
extensively adopted. The oonstmotion of this is rather com- 
plicated, so that it is difficult to explain it without a model ; the 
principle on which it acts is, however, simple. The feed-water 
flows into a tumbling bucket mounted on one end of a lever, the 
other end of which carries a counterpoise. When full, this bucket 
upsets into a small cistern, whence the water may flow through 
a valve into the feod-pipe, which pasaos nearly to the bottom of 
the cylinder, and is closed at its upper end. When the bucket 
m nearly full, it overbalances the counter-weight and turns the 
lever a little way ; in so doing it opens a valve, which allows the 
■team from a special steam-pipe to enter the top of tho feed- 
pipe, and drive the water from it into the boiler. The mouth 
of tho steam-pipe in the boiler is just at tho level at which the 
water ought to stand ; if it rises above this, no steam can 
escape, and consequently no more water is driven into the 
boiler till the proper level is restored. As soon as the bucket 
is quite full, it unaeta and empties itself. The counterpoise 
then restores tho lover to its oiiginal position, and closes tho 
stoam-valvo again. A wasto-pipe carries off tho excess of 
water from tho cistern ; an<l the supply should bo so arrangei 
that it may slightly exceed the consumption in tho boiler. 

In order to guard against tho risk of explosion, should the 
level of the water at any time by accident or neglect fall so 
low as to admit of the tubes or idates being unduly heated, 
“ fusible plugs " are somotimoa employed. A short nozzle is 
attached to tho boiler just below tho lowest level at which tho 
water may safely stand. On this there is screwed a cap, the 
centre portion of which is composed of an alloy that melte at a 
temperature not very much exceeding tho boiling-point. So 
long as this plug is kept covered with water, it remains Arm, 
the heat being carried away from it by the water ; but should 
tho level fall so low as to expose it, the centre at once melts, 
and allows tho steam and part of the water to escape into the 
flues and furnace, damping or extinguishing the fire and at the 
same time removing the undue pressure. Should this happen, 
the boiler must be left to cool sufficiently to admit of a fresh 
oap being screwed on in place of tho used one. 

^ practice it is found that those plugs cannot always be 
relied on, as after the lapse of a little time they become 
inoraated or injured by the heat, and thus lose somewhat ct 
their effi^ov. The only safe plan is to change the cap at 
irequent intervals. Plates of fusible metal have also been pro- 
posed to ba inserted in different parts of the boiler wi^ a 
similar purpose, but they have not been adopted. 

The next appendage to the boiler that we must notice is a 
very important one — tho safety-valvo. Steam is frequently 
generated more rapidly than it is consumed in the engine, 
or eometmiee.tlie engine is stopped for a short time, and thus 


the steam is allowed to accumulate. The natural consequence 
is that the pressure inside the boiler goes on gradually increase 
ing, and in a little time it would become so great as to cause 
it to explode with fearful violence. To guard against this risk, 
some contrivance is needed which shall allow the steam to escape 
before its pressure beoomos so great as to be dangerous, but 
which at the same time shall, under ordinary pressure, prevent 
any loss. The safety-valve is intended to accomplish this object. 

The ordinary form of valve is represented in Fig. 18. It is 
placed in some convenient portion of the surface of tho boiler. 
The movable portion is usually fixed on a spindle, so that it 
may be kept horizontal, and always fall bock exactly to its 
seat. This valve is kept closed by means of a lever, fitted either 
with a sliding weight or an adjusting spring, so that tho pressure 
can at pleasure bo moderated to any required extent. It is 
usually sot so that the valve opens as soon as the pressure is a 
little above that at which tho engine is to bo worked. 

One serious drawback to the use of tho oonioal valve is its 
liability to become corroded and fixed into its socket, so that it 
ceases to act. More than one explosion has, on inquiry, been 
found tj result from this cause. To gnard against this, it is 
well from time to time to raise tho weight, and thus allow the 
valve to open by the pressure of the steam. Spindles, and other 
arrangements for guiding the valve, are also very liable to become 
corroded, and thus prevent its due action. A very ingenious 
arrangement has boon planned to obviate this difficulty, and 
ensure tho accurate fitting of tho safety-valve ; this is represented 
in Fig. 14. Tho valve consists of a spherical ball with a rod 
passing through its centre. This ball exactly fits in a circular 
seat ; but tho chief peculiarity consists in an arrangement by 
which tho ball is kept continually in motion, so that the 
surfaces in contact do not remain stationary, and therefore 
cannot corrode. Inside tho boiler there is always a certain 
amonnt of movement in tho water caused b^ tho ebullition : a 
sheet of iron is therefore attached to the rod passing through the 
ball, and allowed to dip down some way into tho water. The 
ebullition makes this oscillate a little, and by this moans tho 
motion of tho ball in its bearings is maintained. In this way 
a very perfect fit between tho valve and its seat is secured. 
The weight on this valve consists of tho ball and iron attachod 
to it, and cannot, therefore, easily bo altered. 

It is customary to have two safety-valves to every boiler : tho 
one is usually either locked, or so arranged that it cannot bo 
altered by the engineer, and this is adjusted so as to open at the 
highest pressure the boiler can safely bear ; tho other is adjusted 
according to tho pressure of steam it is intended to employ. A 
boiler should always, before being used, bo tested by hydraulic 
pressure, to ensure its being sufficiently strong. This is usually 
done by filling it completely with water, all openings being 
closed. Water is then forced in through a small aportnre by 
moans of a force-pump, which records tho exact pressure in 
pounds per square inch. A boiler will, however, sometimes bo 
found to leak even after having boon proved in this way ; since 
when heat is applied to it, tho iron expands and some of the 
joints become loosened. 

A form of safety-valve, now very generally employed, is 
known as “ Hopkinson's Double Safety-valve,’* and is shown in 
Fig. 15. Tho special advantage of this is that it guards against 
explosion, either from excess of pressure or deficiency of water. 

Tho valve is placed inside a dome, which protects it from 
injury ; a largo opening is, however, left at one side for the 
steam to escape. Ilie part B has a curved surface, and accurately 
fits on the top of the pipe c, which communicates directly with 
tho boiler. The weight w slides along the lever, and in this 
way tho pressure can be adjusted to the required amount. Thm 
far this valve resembles that in ordinary use ; the peculiarity 
of it consists in the internal lever and weights. The float ▲ is 
BO adjusted, that when tho water in the boiler is at its proper 
level, tho lever from which it hangs is horizontal, and the valTa 
is closed. If, however, the level falls, this float sinks likewise, 
and in so doing raises the valve by means of the spindle under 
it, and thus allows the steam to escape. In some instances the 
steam, as it blo^ off from the safety-valve, is made to sound 
a whi^e, and thus call the immedia^ attention of the man in 
charge of the engine. 

> There have been many other variations in the forms proposed 
for safety-valves, for, owing to their great importance, much 
attention .^bas . been duoeotod to the disoovery of the bM and 
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safest oonstmoldon ; but space will not allow us hero to explain 
the details of these* 

When the lever of the safety-valve is properly graduated, the 
weight can bo so adjusted as to allow the valve to open at any 
given presBurOi and we at once ascertain the fact of this pres- 
sure being attained by the escape of the steam. The heat in 
the furnace ought, however, to be so regulated by means of 
dampers in the flues, that the steam shall bo kept up to the 
required pressure, but not allowed to exceed it, since* all that 
escapes by the safety-valve is in reality a loss of so much heat. 
In order to do this, wo need some mode of indicating at any 
moment the exact pressure which the steam exerts, and this wo 
loam by means of the “pressure-gauge.” 

Various forms have boon given to this instrument ; tbo simplest 
is that known as the mercurial gauge for low-prossuro boilers 
(Fig. IG). It consists of a tube bent in tbo shape of a syphon, 
the longer end. A, being open, and of such a length that the 
pressure of the steam will not force the mercury out of it. A 
stopcock, c, is placed at the other end, and beyond it a screw 
is cut, by means of which the gauge is attached to the boiler. 
The bend of tbo tube is now filled with mercury till it stands 
in both limbs at the level, o ; a small air-hole, closed by a 
«crow, is often placed near c to aid in the filling. As soon, now, 
as the cook c is opened, the mercury in the limb b will be 
pressed upon by the force of the steam in the boiler, while the 
surface of the mercury in the other limb will be acted upon by 
the pressure of the air. The difference in level in the two limbs 
•will at once show the difference in pressure. If the force of 
the steam be auch as to dopross the mercury in b to a, it will, 
of course, rise as much above o in a, and will stand at 6. The 
difference in level between a and b will thus show the amount 
by which the pressure in the boiler exceeds that of the air, 
which may be taken at 15 pounds per square inch. A graduated 
scale is usually placed between the two limbs, by means of 
which the difference may easily be road off. Most commonly 
the tube is made of iron, as gloss is vovy liable to bo broken ; a 
float is then placed in A, and a counterpoise is connected to it by 
a string passing over a pulley at the top. This counterpoise 
oservos as an indicator, and marks the pressure on the scale. 

As the difference in the level of the mercury in the two limbs 
amounts to about two inches for each pound of pressure, it is 
•clear that this kind of gauge cannot well bo employed with high- 
pressure boilers without being made very inconveniently largo, 
A totally different form is therefore made use of, the construc- 
tion of which will be easily soon by reference to Fig. 17. 

A tube of strong glass, closed at the upper end, is made to 
■dip into a closed vessel containing mercury, on the surface of 
which the sioam presses. As this pressure increases, the air in 
the tube is compressed, and the mercury riKOs. 

A specially graduated scale is placjcd at the side of the glass, 
which shows exactly the extent to which the air is compressed. 
If the mercury stands half-way up the tube, the air occupies 
just half its ordinary space ; the pressure of the steam, there- 
fore, is twice as great as that of the air — that is, it amounts to 
30 pounds to the square inch. If the air is compressed to one- 
third of its bulk, the pressure is 45 pounds, and so on. 

Mercurial pressure-gauges have, however, almost entirely 
given place to those known as “ Bourdon’s.” In this there is a 
dial-plate, with a hand on it pointing to the pressure, as soon 
in Fig. 18. The steam acts upon a spring of a peculiar oon- 
fitruction, somewhat on the plan of that used in some aneroid 
barometers ; and, owing to their greater oenvonionoe, these 
gauges are now almost universally adopted. 
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example, though not compounded of blue and green rays, pro- 
duces a sensation which may bo regarded as compounded of 
those sensations which are produoed by blue and green. In 
their seleotion of the throe most important colours of the spec- 
trum, in their divergence from the ordinary theory as to the 
primary colours, and in their views as to complementary colours, 
Helmholtz and Maxwell agree to a considerable extent: it is 
as to the possibility of forming from throe colours all the others 
that they differ — Maxwell affirming this, and Helmholtz denying 
it. A few words as to the primary, secondary, 
and oomplemoutary colours admitted by Max- 
well may now bo given. In order to observe 
these colours satisfactorily, the following con- 
trivance should be adopted t— Two slips of 
pure white unglazod paper should bo laid 
upon a piece of black velvet, after the manner 
represented in Fig. 9. If this diagram bo 
thus copied in paiier and velvet on a large 
scale, and viewed from a distance, by means 
of a prism having its refracting edge turned 
j away from the spectator, the colours will bo 
j seen as indicated in the figure. These colours 
are the two complomontaries. By varying the 
shape of the black and white spaces, now and 
instructive effects may bo developed, which 
wo have not space to describe particularly. 

One of those variations is made by placing a 
narrow white strip across the middle of a 
long black band, and a similar narrow black 
strip across a contiguous long white band, 
and continuous with the white strij). 

According to the deductions of Maxwell, Fig. 9, 

tbo most effective throe primary colours for 
: the purpose of compounding the largest numbers of other colours 
' have the following wave-lengths in nnllif)nths of an inch, and the 
following positions in the spectrum of the sun (Fig. 10) : — 


Nanus of Primaries. Wave-lengths, 
Pure red or scarlet . . 2,328 . . . 

Pure green 1,9U . » . 

Pure blue 1,717 . . . 


Poriiione. 

f from lino C to D, 
I from lino E to P. 
^ from line F to G, 


The secondary colours complementary to those primaries aro — 
6en-green, comjdemenlari/ to Eed. 

Aluiuud-bloBBOm „ Green. 

Yellow „ Blue. 

Some authors call the colour we have hero named “ almond- 
blossom ” pink, others poach-blossoiu. It oon tains less blue 
than does violet, which is not its true complementary. The 
best representation of the particular colour hero meant is to 
be obtained by burning the gas known to chemists as cyanogen 
— easily obtained by heating a little mercuric cyanide in a short 
test-tube fitted with a fine glass jet to serve as a burner. 

These three secondary colours, in order to bo truly comple- 
mentary to their several primaries, must not only be of the 
right quality and purity, but must be of the right intensity or 
brightness. So the sea-green named above must have tbo added 
brightness of its two oomponeuts, blue and green ; the almond- 
blossom must have the added brightness of its two components, 
red and blue ; and the yellow must have the added brightness 
of its components, red and green. Of course these statements 
refer only to Maxwell’s theory of the colours of light. In the 
COSO of pigments we shall have frequent occasion further on to 
repeat what we have indeed often stated before — ^that the 
complex nature of the coloured rays they generally reflect does 
not permit these simple relations of colours to each other to hold 
good. In concluding our brief outline of some of the chief 
features of the new theory of colour, we may draw our readers* 
attention to the following diagrrams (Figs. II and 12) by moans 


^ HAXWILL^S THEORY OF PRIMARY COLOURS. 

In cemtinuation of our remarks upon the various theories which 
VO een propounded as to the true primary colours, we may now 
peier to the conclusions of Professor Clerk MaxweU. According 
Anr S throe primary colours are scarlet, green, 

combination of these colours he considers 
be formed ; but at the same time he admits 
ttiat the other colours of the spectrum are due to simple or 
Ctt ecompo Bible rays, though they excite the same sensations as 
ox certain mixtures of rays. A bluish-green ray, for 


of which, when filled in with the colours named, they con re- 
present for themselves the primary and secondary colours of 
Maxwell’s theory. 

In these diagrams the following abbreviations are used : — 

I. Primary Colour.— E, Bed ; O, Green ; B, Blue. 

II. Secondary Colour,— S G, Sea-gteen ; A, Almond-bloMom ; T, Yellow. 

When tbe diagrams ore ffllod in with the purest pigments 
attainable, then Pig. 11 should show the effect of taking a^y 
the three primary colours from white, leaving throe overlapping 
oiroles of secondary colours where only one ooIoUr is removed; 
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leaTingr three-sided spaces ot' primary colours where two colours 
are removed ; and leaving ^so a similar space of black or , 
darkness in the centre, where aJl three primaries are equally 
removed. The exact converse of this effect is shown in Fig. 12, 
where the primary colours are supposed to be represented in 
equal strength upon a black ground. They form, by the over- 


Primary or elementary colours are usually regarded as 
three in number, and are assumed to be capable of yielding by 
combination all other colours. They are commonly assumed to 
bo yellow, red, and blue. 

Secondary colours are mixtures of two primaries in equiva- 
lent proportions. Orange, green, and violet are the three- 


lapping of two of the three circles or discs containing them, | secondary colours. Wo say equivalent, not equal proportions ; 
three spaces of the secondary colours, and where all three j for it will be found that equal quantities of yellow and red 
circles overlap or coincide, a central space of white. Coloured j lights, or of the purest yellow and red pigments attainable, will 
lights are, of course, alone competent to , not produce the normal orange. In making, 




produce secondary colours brighter or more 
luminous than their constituent primaries. 

A. similar but thoroughly false imitation of 
this effect is produced by mixing white 
with the secondary colours used in pre- 
paring the above diagrams. 

The more commonly received theory of 
tho primary colours must now be described. 

It is still adopted in all the manuals of 
design and colour as applied to the decora- 
tive and fine arts; indeed, the authors of 
such books seem to be ignorant of the 
mdstenoe of the more correct views which 
have just boon described. One great ad- 
vantage is possessed, we readily admit, by 
the old theory — it works far better with 
actual pigments than does tho new one. It 
breaks down more or loss completely when tested, by the moans 
we have already mentioned, with coloured rays of light. Con- 
oemed as we usually are with coloured materials and not 
with ooloured rays, wo shall describe the old theory at some 
length, particularly as it affords an easy means of studying 
tho mixed colours 

which pigments Violet Indigo Blue 

afford. 

In our coloured 
diagram* wo liavo 
arranged tho most 
important colours in 
a six-pointed star 
made of twelve C‘<iui- 
lateral triangles. 

The whole figure being regarded as consisting of two intersect- 
ing triangles, tho throe primary colours will bo found in tho 
angles of one of these, the three sooondary colours in tho 
angles of the other, and tho more mixed hues in the area 
where tho two triangles coincide or overlap. However, before 
showing how tho compound colours may 
bo supposed to originate from tho ad- 
mixture of simple ones, it will bo neces- 
sary to define the meanings of a few words 
which we shall have frequent occasion to 
employ. 

Tones, often called shades, signify colours 
mixed with varying proportions of white or 
black. In mixing a colour with white we 
weaken or reduce its tone, but by tho ad- 
dition of black a colour has its tone broken 
or darkened, not deepened, lied mixed with 
white in increasing proportions gives weaker 
and weaker tones of red ; red mixed with 
black in increasing proportions gives duller 
and duller tones of red ; while rod mixed in 

a similar manner with both white and black Fig. 12. 

— that is, grey — gives a series of tones of 
red which are at the same time duller and weaker than the 
original colour. 

A scale is a regular series of such tones as those just 
described. Every colour admits of throe scales : — 

1. The reduced scale — that is, the normal colour mixed 
with white, thus forming tints. 

2. The darkened scale — ^that is, tho normal colour mixed 
with black, thus forming shades. 

3. The dulled scale — that is, the normal colour mixed with 
both white and black, or, in one word, with grey. 

* The ooloured diagram will bp found in another part of Thb 
T aoxiriojj. EnuCAfoa, 



therefore, such a secondary colour as orange, 
we have to judge by the eye what quanti- 
ties of its primary constituents will pro- 
duce a colour equally removed from yellow 
on the one hand, and from red on the 
other. 

Tertiary colours are mixtures of the 
three primary colours in certain propor- 
tions, which will be noticed presently. All 
tertiary colours are dull, owing to the 
following fact. All pigments representing 
the three primary colours produce, when 
mixed together in equivalents, not white- 
ness, but grey ness or blackness. In tertiary 
colours, therefore, the equivalents of yellow, 
rod, and blue which are present, unite to 
neutralise one another, and so to form 
grey ; while it is only the unncutralised residue of the one or 
two colours that are in excess which gives a special character 
to tho final result. Tho neutral grey of the tertiaries, as 
thus produced, dulls all their tones, and distinguishes them 
at onco from the primary colours, and from all combina- 
tions of two prima- 

Grron Yellow Orange Red ries. Indeed, tho 

six normal tertiary 
colours are nothing- 
more than the dulled 
tones of the throe 
primary and the 
three secondary 
colours. 

Hues include all 

tertiary colours, and all those colours in which tho primaries 
are mixed in other proportions than are requisite to form the 
secondary colours. Yellowish-orange and bluish-green are 
secondary hues ; roddish-groy and violet-g^rey are tertiary hues. 

With these definitions of terms before us, tho consideration of 
the chief colours, of tho quality and optical 
composition of coloured materials, and of the 
pigments in actual use, may be commenced. 

Tub Primary Colours. — Yellow . — Tlie 
most luminous of all colours is tho pure 
yellow. It occupies a very narrow space in 
the solar spectrum, but is distinctly tho 
brightest part of it. Most yellow pigments 
and coloured materials reflect or transmit 
much orange and red light, as well as yellow. 
Chrome yellow is an example of this fact. 
Some transparent yellows on a white sur- 
face, such as gamboge, allow the trans- 
mission of, or reflect much white light, 
in addition to tho yellow rays which 
characterise them. They are in reality 
reduced yellows — yellow, that is, mixed 
with white. Yellows occasionally verge 
upon green, especially in their lighter tints. This effect is 
partly due to their reflection of some green rays in place of the 
red which they usually emit, and partly to the result upon the 
eye of contrasting the lighter or reduced tones of yellow with 
the darker tones which verge upon orange and red. An orange or 
even a red tint is often {Ksroeived in yellow pigments when they 
become dry, though they may have appeal^ of a nearly pure 
yellow when wet Fibres of wool, silk, ootton, etc., dyed yellow, 
exhibit the same appearances, as to the optical oonstituents of 
the colours they reflect, as do other white surfaces of paper, 
canvas, and porcelain, upon which opaque or transparent pig.- 
monts have been spread. In all cases varying proportions of 
white light are reflected; while *of the light whmh is deopm*; 
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posed by the ooloored surfaces, different but considerable | 
amounts of violet, indig^o, blue, and, in a measure, gi^een, are 
quenched or absorbed. The remaining rays produce the 
colour effect of the object, and will, of course, consist mainly, 
but not entirely, of yellow light. With stained glass and other 
transparent materials, such as coloured gelatine and coloured 
liquids, similar groups of violet and blue rays are on the one 
hand absorbed, while on the other hand the loss refrangible i 
colours are transmitted. 

Bed . — ^Tho second primary colour in point of vividness is rod. 
It is less luminous than yeUow, but warmer and more retiring. 
All our ordinary red colours contain orange and yellow, or else 
blue and violet. A stick of sealing-wax examined by a prism is 
found to reflect all the rays up to the lino D in the yellow — ^that 
is, the colour which it presents is made up of mtioh orange and 
a little yellow in addition to the true red. The fugitive paint 
known as geranium colour is a purer red than that just named, 
the vermilion of sealing-wax, but it is not free from a tint of 
orange. Carmine and crimson lake, with other similar pig- 
ments, reflect to the eye a trace of the blue and violet, as well 
as nearly all the rod, and some of the orange rays of the light 
which falls upon them. The best idea of pure redness may be 
got from the bright and broad red band in the spectrum of a 
burning lithium salt. Ited glass, at least that kind of rod 
glass which is coloured by copper suboxide, <loes not transmit 
unmixed rod rays, but many orange rays as well . 

Blue . — The third and least vivid of the primary colours is 
blue. It is also the most retiring and cool. We cannot iioint 
to any tolerably pure blue pigment. Beautiful as ultramarine 
undoubtedly is, its spectrum reveals the existence of several 
colours besides blue. Yet it would be hardly fair on this 
account to regard this or any other colour as impure. If the 
various coloured rays which a pigment reflects to the eye 
impart the sensation of blueness, it is enough. They may con- 
tain red, violet, and other constituents, but the resultant effect 
of the combination may bo a blue indistinguishable in xmrity 
from the normal blue of the solar spectrum. A difficulty does, 
however, arise when such pigments os those above referred to 
are illuminated by ortiflcial light, or are mixed with others to 
form secondary and tertiary colours ; the anticipated result 
l>oing oocasionally very far from being realised. Cobalt-blue 
reflects much green and violet light, as well as blue, and in 
fact shows a very remarkable combination of colours when its 
spectrum is examined. On mixing it with carmine, to form a 
violet lino, the green constituent in its light interferes with the 
purity of the resulting colour, which is much greyer tlian one 
would have expected. By lamp-light cobalt-blue aiipears 
violet. Prussian-blue and indigo absorb most of the red, 
orange, and yellow rays, but emit a very large jiart of the 
green, blue, and indigo. A crystal of blue vitriol (copper 
sulphate) cuts off all the rod, orange, and yellow rays, together 
with the green rays up to lino E, and transmits the romaindor. 

The secondary and tertiary colours remain for discussion in 
our next lesson. 

SEATS OP INDUSTRY,— TIT. 

MANCHBSTK» AND ITS 8X7BUBBS : THBIR CHIEF INDUSTRT. 

Br H. B. Fox Bourns. 

Manchester has an antiquarian history, extending over nearly 
twenty oentwiea, and a commercial history, the authentic re- 
cords of which hardly cover five hundred years. It ranks 
however, with the oldest English towns that attained importance 
by their manufacture of olothing and other textile goods. 

Its first staple manufacture was not cotton but wool. When, 
in 1831, a few of those industrious Flemish emigrants who 
instructed the English in better ways of turning shoop’s wool 
into cloth settl^ in Manchester, they gave new life to a trade 
that for some time previously had been feebly carried on. Two 
centimes later, one of the three most famous clothiers in England 
was Martin Briani or Byrom, of Manchester ; and at that time, 

iiown was spoken of by Leland as “ the fairest, best 
buudod, quickest, and most populous town of all Lancashire.** 

. mauufa^re, as well as woollen manufacture, had a share 

what is now the greatest of all the great cotton towns. 

llie to^ of Manchester,** it was written in 1542, “ is and hath 
of long time been inhabited, and the inhabitants of the said 
Viwn have come into riches and wealthy livings, and have kept 


and set many artificers and poor folks to work within it ; and by 
reason of the great occupying, good order, straight and true 
dealing of the inhabitants, many strangers, as well of Ireland as 
of other places, have resorted to the said town with linen yam, 
wool, and necessary wares for making of cloths, and have used 
to credit and trust the poor inhabitants, which had not ready 
money to pay in hand, unto such time as the said debtors wiii 
their industry, labour, and pains, might make cloths of the 
wools, yarns, and other necessary wares, and sell the same, to 
content and pay their creditors ; wherein hath consisted much 
of the common wealth of the town.*’ That account of the help 
given to poor Manchester weavers by rich Irish merchants fur- 
nishes a curious illustration of the relative position of Irish and 
English which has so strangely altered during the last three 
centuries. 

It is not necessary to note in detail the stages of the progress 
of Manchester daring those throe centuries. It grew steadily 
by help of wool and linen, although the progress was slow 
indeed in comparison with that of the past century, in which 
cotton has been the staple. In 1757, Manohostor and Salford, 
then quite a distinct town, had between them hardly 20,000 
inhabitants. In 1861 their population was 460,000, and in 1881 
it was 480,470. The real Manchester, however, is very much 
more than the Manchester on the Irwell with its half a million 
inhabitants. Thirty or more important towns in southern 
Lancashire and western Yorkshire, and in the adjoining counties 
of Derbyshire and Cheshire, each with its own group of suburbs 
and outlying villages, constitute a vast network of cotton fao- 
tories, with Manchester for the head and centre of the whole. 

The development of the Lancashire cotton trinlo furnishes one 
of the most remarkable episodes in commercial history. It had 
a slender existence more than two centurios ago. “ They buy 
cotton wool in London that comes first from Cyprus and 
Smyrna,” it was said in 1641 of the Manchester manufacturers, 
“and at home work the same and perfect it into fustians, 
dimities, and other such stuffs, and then return it to London, 
where the same is vended and sold, and not seldom sent into 
foreign x>arts.” While all the cotton wool that reached England 
I came from the Levant, the supply was so small that no preju- 
! dice was excited by its use. As soon, however, ns the East 
India Comi)any began to bring homo larger quantities, which 
wore worked up both in the Manchester districts and elsewhere 
in England, the dealers in woollen goods began to ft«ir that 
their own trade would be interfered with, and accordingly, using 
all their influence in Parliament, they obtained the xinssing of a 
scries of laws, by which such heavy taxes were laid on cotton 
manufactures that for a time they wore virtually prohibited. 

I In London, and along the 1’hames, whore Huguenot settlers had 
t idanted the trade, it was nearly stamped out. In Manchester it 
I was carried on with difficulty until 1774, when the foolish laws 
wore resoinded. The trade, thus relieved, had a little while 
I before begun to bo quickened by the arrival of cotton wool from 
the West Indies, and the American colonies which have now 
become x^a^t of the United States. The trade in England 
encouraged these now importations. The invention of new 
machines for spinning and weaving further encouraged them ; 
and those causes, influencing and being influenced by the favour 
shown by the people for the new and cheap material for olothing, 
caused a marvellous extension of the trade. In 1768 the cotton 
goods man^ifoctured in the whole of Great Britain wore worth 
less than jB 200,000. By 1788 the trade had been more than 
doubled, and it was then large enough to give employment in 
spinning and weaving to 150,000 men, 90,000 women, and 
101,000 children. Of 142 water-mills used in these manufac- 
tures, 41 were in Lancashire, 22 in Derbyshire, and 8 in Cheshire ; 
that is, just half wore in the district of whioh Manchester was 
the centre. In 1835 the number of factories in the Manchester 
, district amounted to over a thousand, and the hands emx)loyed 
I in them, and in connection with them, cannot have boou far 
short of a mUlion. In i860, said Mr. Bazley, “ the number of 
spindles employed was about 32,000,000, and the number of 
looms employed would be about 340,000. The paid investments, 
including the value of land and the right of water, amounted to 
not less than .660,000,000, to whioh must be added a working 
capital of ^20,000,000. Add to those again the value of mer- 
chants’ and tra iesmen’a stocks at home and abroad, the value 
of raw cotton and subsidiary materials, and of bankers’ capital, 
and the grand total of capital employed in the trade will not be 
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loM$ than £200,000,000/* No other aiagle trade is eo vast 
in its dimensions or so important in its iuflnences on society 
as the cotton man afaotnre, which has Manchester for its centre. 
In recent years Manchester has become noted for its ware- 
houses rather than its factories, the increasing ralae of sites 
within the town having driven factories and mills out into 
the surrounding villages. 

All the circumstances of the trade have grown in proportion. 
Dr. Aiken, the old historian of the town, tolls how, a century 
and a half ago, ** an eminent manufacturer used to be in his 
warehouse before six in the morning, accompanied by his 
children and apprentices. At noon they all came into breakfast, 
which oonaiatod of one largo dish of water pottage, made of 
oatmeal, water, and a littlo salt, boiled thick, and poured into a 
dish ; at the side was a pan or basin of milk, and the master 
and apprentices, each with a wooden spoon in his hand, without 
loss of time, dipped into the same dish, and thence into the 
milk-pan ; and as soon as it was finished they all returned to 
their work.” Thoso simple ways gradually gave place to more 
rofinomont and conventionality ; but the accounts of old Itobort 
Peers early life, and of hia commoncomont of calico printing, 
show a state of things almost as primitive. As Pool grow 
rich, and became the master of a score of mighty factories, 
giving work to 1,500 hands, so Manohostor and its suburbs 
have grown. Tho old modes of labour, by which each cottage 
was generally a distinct workshop, and each workman his own 
master, have been displaced by arrangements which neoeasitato 
tho presence of hundreds of workpeople under one roof to 
manage tho comidicatod machinery now in vogue, and that ma- 
chinery enables each hand to got through fifty or a hundred 
times as much work as the old tools rondored possible, 

'ITio numerous stages of cotton manufacture may bo grouped 
under throe divisions. Tho first comprises all tho prooosaes by 
which tho groat lumps of cotton wool brought from the United 
States and other parts, through Liverpool, to Manchester and 
its suburbs, are reduced to yarn fit for weaving. Tho cotton is, 
in tho first in&tanco*, cleaned by removing all impurities, and 
separating the ooaraor from tho finer qualities. Then it is 
carded, that is, all tufts and knots are removed, and the fabric 
is laid out in a flooey ribbon-like web. Next it is drawn, so that 
the ribbons may bo all of the same quality and texture, and tho 
filaments all exactly parallel. After that it is roved, a process 
by which each ribbon is greatly attenuated, and at tho same 
time slightly twisted, so as to give it mere strength and consis- 
tency. Fine roving follows, being, as the term implies, a more 
delicate repetition of tho former operation. Tho sixth process 
is tho spinning, which completes tho production of tho yam, 
except that it lias to bo wound and packed before it is really to 
be passed over to tho weaving-shops. All thoso prooesson hang 
together, and are generally carried on in one department. The 
weaving is often conducted in tho same factory, but it need not 
be 80 , and many cotton colonies are for spinning and nothing 
more. Tho weaving stage consists of fowor processes, but thoso 
are more complicated, some of tho most wonderful exploits of 
modern invention being coiicornod in tho adaptation to vast 
machinery of the same principles which guided tho hands of 
tho old weavers and wobstors during the thousands of years 
that jirecodod tho introduction of machinery. Wo hope to 
be able to describe those in a future number, as well aa tho 
interesting processes of the third stage, in which the cotton 
wool, now converted into cloth, is dyed, printed, or otherwise 
finished, so that it may go out for sale os muslin or calico, 
wearing apparel, cimtains, counterpanes, or anything else, 
■ploach-works, dye-works, print-works, a^id the like, all como 
under this category, and complete tho circle of cotten manu- 
foctnro, 

Tho substitution of thoso comprehonaive mechanical arrange- 
monts for the old-fashioned modes of handiwork has offeotod a 
mighty revolution in the social condition of tho people. The 
histoi’y of that revolution is full of interest. Looking book at 
tho Manchester people of bygone times, we see a notably indus- 
trious and independent race. Looking at them now, we see 
that both industry and independence have inoroasod, in spite of 
changes fraught with danger and discomfort. A century ago 
the Lancashire spinners and weavers thought themnolvea supe- 
rior to all the world—as, indeed, they were — in their craft. Tho 
craft gave them unusual freedom, and sufficient profit to ensnre 
for them more luxuries than any other craftsman could opjoy. 


They looked with extreme jealousy upon the improved ma- 
chinery that was introduced by Hargreaves, Arkwright, Cromp- 
ton, and others, seeing clearly that thereby their cottage- work- 
shops would soon be rendered impossible, and a new order of 
things would bo introduced. Hence the Blackburn riots and 
other disturbances throughout Lancashire, which forced old 
Bobert Peel and the other best friends of the cotton industries 
to use rough moans for adopting the improvements and extend- 
ing their trade. They sneoeoded, and the trade has been 
indeed extended. The cotton lords have, perhaps, in many 
cases, gained an unfair share of th) benefit that has ensued^ 
but the cotton operatives have also gained very much. They 
have found out the way to preserve their old independence, 
while they have come to be, in one sense, merely woU-wroughfe 
tools in a vast conglomeration of machinery. You cannot 
walk through tho streets of Manchester, or any other cotton 
town, without being struck by the self-sufficient bearing, the 
rough, honest look, and the almost painful intentness of pur- 
pose shown in every movement and aspect of every man, 
woman, and child. There is room for much farther education, 
and especially hygienic education, among the cotton operatives ; 
but England may bo proud of them as they ore, and the pride 
passes into revorcnco when we recall the history of their 
patient heroism, self-sacrifice, and mutual trust during the 
terrible period of the cotton famine, consequent on the American 
civil war. 

Some mention of the multitudinous trades carried on in Man- 
ohester and its suburbs in dopondenoo on the cotton manufac- 
ture, or apart from it, must be reserved for another paper. 


VEGETABLE COMMERCIAL PRODUCTS. 

VII. 

PLANTS USKD IN THIS PREPARATION OP NUTRITIOUS AND 
STIMULATING BEVEBAOES (continued). 

Grape vinifera, L. ; natural order, Vitacem). — The 

wines of commerce ore mostly prepared by fermentation from 
the juice of the grape. The vino ranks next to tho tea and 
coffee plants in importance. Tho oxcellenco of its fruit, whether 
frosh, or driod in the form of raisins, is well known. Tho 
virtues of its fermented juice have been eulogised in song 
by poets, and its excessive abuse has furnished a theme for 
moralists of every age and nation, 

Tho grape varies in the colour, form, size, and flavour of it» 
fruit. Thoso varieties have all probably been produced by long- 
continued cultivation in different soils. This lengthened atten- 
tion which the vino has received has given it an extensive- 
geographical range. Tho vino may bo found in all countries oik 
tho earth’s surface included between tho parallels of latitude 
51 N. and 3.3® S. But tho same latitude does not alwaya 
permit the grape to ripen enough to make good wine; this 
depends on tho average oleomoss or cloudiness of the atmo- 
sphere throughout tho year. 

The vino is generally supported by props and trellises, but ia 
tho sandy districts of Spain it is allowed to trail upon the 
ground. The time of the grape harvest, or vintage, ia alwaya 
regulated by the character of the wine to be made. For a brisk 
wine, such as champagne, the grapes are gatliered before fully 
ripo ; for a dry, full-flavoured wine, such as port, tho maturo 
grapes are selected ; and for Gorman wines, the driest of all 
wines, tho vintage is made as late as possible. The process of 
wine-making ia os follows ; — 

The grapes arc gathered into baskets, which are emptied into 
a tub, with holes at the bottom, called tho wine-press. This- 
tub is placed over another much larger, named the wine-vat*. 
A man then gets into the upper tub, and presses or crushes tho* 
grapes by treading upon thorn — a mode of bruising the grape- 
as ancient as wine-making itself. The juice or must, as it i» 
termed, flows from tho press into tho vat, and sometimes within 
a few days, or even a few hours, depending on tho temperature,, 
begins to ferment. This fermentation makes the liquor turbid^ 
increases its temperature and volume, so that it quickly com- 
mences to fill the vat. After a time the fermentation ceases^ 
the liquor diminishes in temperature and bulk, and becomes cool 
and clear. When quite cold it is drawn off, or racked, os it i9 
termed, from the vat by a tap placed a few inches above the 
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‘bottom, into an open veiael, whence it ia conveyed into the 
OMks prepared for its reception. After entering the cask, a 
second, although much slighter, fermentation takes place, which 
farther clarifies the wine ; its subsidence diminishes the bulk of 
the wine in the cask, and more wine is added so as nearly to fill 
the cask. This again slightly renews the fermentation, and the 
cask is kept open until filled to its utmost capacity with wine 
free from fermentation ; it is then closed, and is ready for the 
market. 

It requires great attention and practical skill to manage the 
fermenting process properly, as on this depends the quality of 
the wine. Wines vary according to the amount of sugar, 
alcohol, and acid which they contain. When wines contain 
much sugar, they are called sweet when little, dry.** Sweet 
wines, such as Malaga and Tokay, arc wines which have been 
only half fermented; their sweetness depends on the fer- 
mentation not having exhausted the sugar. Dry, strong wines, 
such as Madeira, sherry, Marsala, and port, are fully fermented 
wines, all the sugar of the grape having been converted into 
alcohol. Champagne and other sparkling wines owe their 
briskness to the presence of carbonic acid; whilst hock and 
the Bhenish wines generally, and many of the French, contain 
much uncombined acid. The roughness and flavour of the red 
wines are usually derived from the husks of the fruit, but are 
often communicated to them by the addition of astringents, 
such as rhatany, kino, etc. The tints of wines are either natural 
or artificial. Hieir strength is frequently augmented by the 
addition of brandy. This brandy is itself distilled from wine. 
It is coloured with burnt sugar, and peach kernels are added 
during the distillation to give it that peculiar flavour by which 
it is distinguished. 

The principal wine countries in Europe are France, Spain, 
Portugal, Germany, Sicily, Italy, Hungary, Greece, and Turkey. 

Franco holds the first rank. The principal French wines are 
white and rod champagne, white and rod Burgundy, white and 
rod Medocs from Bordeaux, Bhono wines, and wines from 
Languedoc, Roussillon, Orleans, Alsace, and Corsica. The infe- 
rior white wine of Bayonne, and Bordeaux wine, pass under 
the name of French wine, vin ordinaire. 

From Germany wo receive the celebrated Rhine wines, so 
called from thoir place of culture — the valley of the Rhino and 
its tributary streams ; wines from the Palatinate, principally 
from Rhenish Bavaria; wines from the Bavarian province of 
Lower Franconia ; Moselle wines from Rhenish Prussia ; and 
Tauber wines from Baden and Wurtomburg. The chief places 
for these wines ore Mayenoe, Coblenz, Frankfort-on -thc-Maine, 
and Wurzburg. 

The vine is cultivated to some considerable extent on the 
Danube in Lower Austria, also in Tyrol and Illyria; but the 
exportation is small. Moravia, Silesia, Bohomia, and Saxony 
grow inferior wines. Artificial champagne is made in many 
jmrts of Germany, ospooially at Esslingen, Stuttgart, and 
Mayonoe. 

The best Swiss wines are the Ryff wines, from the Canton do 
Vaud, the Vin de la c6te from the shores of Lake Geneva, Of 
Hungarian wincs^ Tokay is the chief, and is largely exported 
to Moravia, Silesia, Poland, and Prussia. Of Spanish wines^ 
Malaga and Alicante are the most valued, and colled after the 
names of the places which export thorn. From Oporto in 
Portugal wo receive rod and white port wine. Numerous 
varieties of Italian wines come into commerce, Europe also 
obtains Madeira wine from the island of Madeira, on the north- 
west ooast of Africa ; Cape (Constantia) wine from the Cape of 
Good Hope, and palm wine from the East Indies. Young and 
inferior wines, and the lees of wine, or the sediment at the 
bottom of the wine-vat, are used in the manufacture of cognac, 
or French brandy, and vinegar; these come into the market 
from Bordeaux. Australian Wines have obtained considerable 
repute, in oonsoquouoo partly of the Indian and Colonial Exhi- 
bition which was held in London in 1886. 

Hops {Humulus lupulus, L.). — ^Tho hop vine, so well known 
m England, is a native of Europe, and probably also indigenous 
in North America, as it has been found growing apparently 
irild on the banks of the Mississippi and Missouri. It is exten- 
sively cultivated for its strobiles or cones, so largely employed 
in the preparation of malt liquors. These strobiles, or female 
catkins, when fully ripe, are picked from the vines, dried in 
kilns, and packed in bags. Hops oonsiat of thin, transluoent. 


veined, leaf-like bracts or scales, of a greenish-jeUow colour, 
having near their base two small, round, dark seeds. Hops 
are somewhat narootio and thoir odour fragrant, the taste bitter, 
aromatio, and slightly astringent. Those properties are owing 
to the presence of a poouliar resinous secretion in the glands, 
which has been called ** lupulino.** Ale and porter owe their 
bitter flavour and tonie properties to the hops added to them 
during the process of brewing — about one pound of hops being 
added for every bushel of malt. About 550,000,000 gallons 
ale and porter are annually brewed in this country. The 
importation of bops in 1886, chiefly from the Hanse Towns, 
Holland, Belgium, and the United States, was 153,759 cwts., 
valued at £447,253. 

VI. PLANTS PEODUCINO WHOLESOME AND NUTEmOtJS FETJIT8. 

The fruits of commerce are very numerous and interesting. 
They come to us from almost every climate and country ; an 
immense amount of shipping is engaged in bringing thorn 
across the seas, and employment is thus given to hundreds of 
thousands of people. Besides furnishing us with nutritious 
food, these fruits give us much novel and interesting informa- 
tion in regard to the economy of vegetation in foreign countries. 
They are arranged naturaUy into two divisions, viz., fleshy 
fruits and nuts. 

(a.) FLESHY FRUITS. 

Of these one of the most important is the 

Sweet Orange {Citrus aurantiunif Risso ; natural order, 
AurantiacecB ). — This is one of our commonest foreign fruits. 
Tho orange-tree is a medium-sized evergreen, with alternate, 
bright-groon, elliptical, pellucid-glandular leaves, furnished with 
winged footstalks; tho flowers are white, and very fragrant. 
Both tho ripe and unripe fruits are frequently seen on tlio tree 
at tho same time along with tho flowers — their prosonoo amongst 
tho foliage being truly omamontal, and adding greatly to its 
beauty. China is generally considered to bo the native country 
I of tho orange-tree, where it still grows wild. It is said to have 
been brought to Portugal in 1 520, and thence it has been trans- 
! planted into every country possessing climate suitable for its 
culture. It is now grown in China, Portugal, India, Northern 
and Southern Africa, Southern Europe, Turkey, the islands of 
tho Mediterranean, the Azores, the West Indies, and tho 
Southern portion of tho United States. 

The oranges imported into Great Britain come chiefly from 
the Azores, Lisbon, Malta, Italy, Sicily, and Spain, in boxes and 
chests, and grow in those countries in the greatest profusion. 
It is said that a single orange-tree in St. Michaors has produced 
a crop of 20,000, exclusive of those unfit for use, calculated at 
10,000 more. In 1886, 4,388,291 bushels of oranges and 
lemons wore imported into the United Kingdom, valued at 
ill, 488, 341. 

Tho rind of the orange yields by distillation a fragrant oil 
much used in perfumery ; a still more agreeable oil, with which 
eau-do-Cologno is perfumed, is distilled from orange flowers. 
The rind is also boiled in sugar until it is candied, and thus 
converted into a sweetmeat. The orange contains much sao- 
j oharine matter and mucilage, forming an agreeable acid, and 
hence is wholesome, cooling, and refreshing to the sick, especially 
in cases of fever and inflammation. 

! The Bi'I’ter or Seville Oeanqb (Citrus vulgaris^ L.).— 
This species closely resembles the sweet orange, but is easily 
distinguished from it by the form and bitterness of its fruit. 
These oranges are chiefly used in making marmalade. The rind 
has a place in the British PharmEtcopocia from its qualities as a 
tonic. 

Citron (Citrus medical L.). — ^This kind closely approaches 
the lemon-tree in appearance, with which it has sometimes been 
I confounded. The chief differences are its naked petiole, its 
greater number of stamens, and the superior thickness of the 
rind of its fruit. Tho fruit of the citron sometimes attains a 
I very gro^t size, weighing upwards of twenty pounds. Tho 
citron itself is not oaten, but tho thick rind is much used as a 
preserve, and roaches England either already candied or else 
i pickled in salt and water for the purpose of being candied on 
its arrival “We receive annually from Madeira about seventy 
tons of this preserved rind, An essential oil (Oleum citroneUay 
is obtained from the rind of the oitroni very fragrant, and much 
used in perfumery. 
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TECHNICAL BRAWINC.— XTV. 

DBAWING FOE JOINEES (continued). 

Fio 8. 145 and 146, combined into one view, are two designs for 
wooden gates, and are so simple that they will soaroely require 
ax:\y instructions as to copying. 

The posts m and n are, of course^ to be drawn first ; then the 
base, kf and moulding,. 1; next the framing, a, 5, c, d, of each 
gate. 

In Fig. 145 the rail, e, is to be drawn next ; and in the upper 
oompartmeutS' the quatrefoils, p, and in the lower, the bars, T , 
and ounned stay are to bo drawn. 

In the rectangle formed by the framing in Fig. 146 draw 
diagonals, and at their intorsection the circular opening. Now 
draw the cross-framing, and the vertical bars. The details 
will then be added without much difiioulty. 

GOTHIC TBAOBBT. 

Although, as has already been stated, the whole subject of 
Gothic architecture, in both stone and wood, will be treated of 
in special lessons, 
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htill a few examples 
of tracery are given 
here, knowing that 
the joiner is often 
called upon to put 
such together on 
panels in churches 
or mansions, and 
ihat a knowledge 
of the basis of the 
construction will be 
of service to him. 

The limits of the 
present course of 
lessons, however, 
utterly preclude a 
syatematio treatise 
on the characteris- 
tics of the several 
periods of modheval 
art. These exam- 
I>los will, however, 
in some degree pre- 
pare the pupil for 
the subsequent and 
more extended 
study. 

Fig. 147 is the 
elementary figure 
upon which the sub- 
sequent design is 
based. 

Having drawn 

the circle, desoribo on the diameter two opposite semioiroles, 
meeting at the centre, a. 

Divide one of these into six equal parts, and set off one of 
those sixths from i to n. 

Draw an, and divide it into four equal parts. From the 
middle point of a n draw a line passing through the centre of 
the semicircle, and cutting it in c. From c set off on this line 
the lengtii of one of the fourths of a n. 

This point and the two in an will be the centres for the 
interior curves. 

Fig. 148 is the further working out of this elementary figure. 
It is desimble that a larger circle should be drawn. Then, when 
the figure has been carried up to the stage shown in the last, 
all the rest of the curves will be drawn from tho same centres. 

Fig. 149 is the elementary form of the tracery shown in 
Pig. 161, and is based on tho problem, “ To inscribe three equal 
circles in a circle" (in “Prootioal Geometry' applied to Tjineor 
Drawing”), which, in order to save the student the trouble of 
reference, in the event of his not being quite certain as to the 
construotidn, is here repeated in connection witb Fig. 152. 

At any point, aa A, draw a tangent, and A o at right angles 
fcd"it.- 

From A; with XttdiuB o A, out the cirole in b and 'e. 

From B and o draw lines through o, cutting the circle in H 


Fig. 146. 


and n, and the tangent in the point F (and in another not gtren 
here, not being required). 

Bisect the angle b f A at r, and produce the bisecting line' 
until it outs A a in H. From o, with radius o h, cut the linee 
B c and B B in I and J From h, i, and J, with mdius h a, 
draw the three required circles, each of whi(^ should touch the 
other two and the outer circle. 

Beturning now to Pig. 149, having inscribed three equal 
circles in a oircle, join their centres, thus forming an equilateral 
triangle. From the centre of the surrounding circle draw radii 
passing through the angles of the triangle and cutting the- 
circle in points, as d and two others. Draw e d, and bisect it by 
eg i then the centres for the curves Which are in the semioirole- 
will be on the three lines d c, c g, and c e. 

These curves are called foliations^ or featherings, and the 
points at which they meet are called cusps. 

The completion of this study is given in Pig. 161. 

Fig. 150 shows the elementary construction of Fig. 153. 

Draw two diameters at right angles to each other, and join 
their extremities, thus inscribing a square in the oirole. 

Bisect tho quad- 
rants by two dia- 
meters cutting the 
'the 

in points, as < 7 . Join 
these points, and a 
second square will 
be inscribed within 
the first. 

The middle points 
of the sides of this 
inner square, aa 
h, c, d, are tho 
centres of the arcs 
which start from 
the extremities of 
the diameters. 

From />, with 
radius h d, describe 
an arc, and from g, 
with radius g c, 
describe another 
cutting tho former 
one in e. Then e 
is the centre for 
the arc i g, which 
will meet tho arc 
struck from b in i. 
Of course, this pro- 
cess is to bo carried 
on in each of the 
four lobes. 

I'ig. 158 is the 
completed figure. 




The method of drawing the foliation will have been suggested 
by Fig. 148, and is further shown in the present illustration. 

Fig. 154 shows the skeleton lines of Fig. 155. Divide the 
diameter into four equal parts, and on the middle two, as b 
common base, construct the two equilateral triangles o in and 
oim. 

Draw lines through the middle points of the sides of the 
triangles, which, intersecting, will complete a six-pointed star 
in the oirole, the angles of which will be the centres for the 
main lines of the tracery. 

Fig. 156 is the completed figure. 

The small figures, 156 and 157, will be understood without 
further instruction than is afforded by the examples. 

Fig. 158 shows the construction of th« tracery in a square 
panel. 

From each of the angles of the square (the inner one in this 
figure), with a radius equal to the lengrt^ of the side of the 
square, describe arcs ; those intersecting will give a four-sided 
curvilinear figure in the centre. Draw diagonals in the square. 

From the point 6 where the diagonal intersects the curve (the 
middle line of the three shown in the figure) set off on the 
diagonal the lengrth h m equal to 6 e. 

fhxun 9, with radiuB fii q, describe an arc o m r, cutting the 
original arc "a in o. 
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Make m r equal to m o. 

From 0 and r, with radius o r, describe arcs interseotinsr each 
other in % : extend these until they meet the curve i> in n and a. 

The foliation and completion, as per Fi^. 159, will now bo 
found simple. 

Fig. 160 is a qnatrofoil, and Fig. 161 a cinquefoil, the con- 
stniotion of which has been fully described in Practical Geo« 
metry applied to Linear Drawing (Figs. 26 and 41). 

Fig. 162 is given as a closing illustration of panel tracery; 
and it is hoped that, with the instructions already given, and 
the elementary figures 163 and 164, the student will be able to 
draw this example without further aid. 

We shall in the next number commence a sorios of lessons in 
Drawing for machinists and engineers. 


ELECTRICAL ENGINEERING.^: 

BY EDWABD A. O’KSSFYX, B.E., A.8.T.E., 

Demonstrator in Electrical Engineering, City and Quilds of London 
Technical College, Finsbury. 

PhlMAET BATTEEIES. 

Class III. 


The characteristic feature of the cells in this section consists 
of the fact that the negative element is surrounded by some 
strongly oxidising substunoe—nsually in tho liquid form — which 
unites with the hydrogen bubbles as fast as they are evolved by 
the action of tho coll and thus preserves the negative element 
free from tho film of hydrogen which would otherwise have been 
formed on it. The substances most commonly used for this 
purpose are nitrio acid, manganese dioxide, bichromate of pot- 
ash, etc., all of which possess a large supply of oxygon with 
which they easily part. The oxidising liquids tend to unite 
with the zino (or positive clement) even when the cell is not 
supposed to be working, and it therefore becomes necessary to 
construct the cell so as to be made of two reservoirs, one of 
which contains tho true aliment and tho positive element, whilst 
tho other — which is usually contained in the first and is made of 
some porous substance — contains the oxidising liquid and the 
negative oloment. These oxidising liquids will also attack 
copper, hence the negative oloment must be one of tho metals 
which possess a low hoat-valuo. Tho metals most in use are 
platinum and carbon. 

grove’s cell. 


One of the most convenient forms of this coll is that shown 
in Fig. 10. The positive element is a sheet of thoroughly 
amalgamated zino Z z bent into 
the form of a U ; in tho bend is 
placed the porous pot which con- 
tains as the negative element a 
shoot of platinum p immersed in 
tho strongest nitrio acid, which 
nets as tho oxidising agent. Tho 
zino is immersed in an aliment 
consisting of a solution of one 
part of sulphuric acid in ten of 
water (by volume). 

The E.M.p. of this coll is high, 
about 1'9 volts, and its resistance 
extremely low — in a cell with tho 
dimonsiona given in Fig. 16 it is 
^ about *2 ohms. It can thereforobo 
used to give a fairly constant and 
“■ powerful current. It is perfectly 
free from polarisation as long as 
tho nitrio acid is strong, but the 
Fig. 16* — grove’s cell, action of the cell continually weak- 
ens this acid by diluting it with 
water, thus reducing the e.m.f. and inoreasing the resistance — 
effects wMoh are also augmented by the sulphuric acid being 
changed into sulphate of zino. The most serious objection to 
^e general use of this cell is the fact that peroxide of nitrogen 
is given off from it in tho form of dark-red fumes of a most 
objootiouable and unhealthy nature. 


The action which takes place may be expressed in chemical 
language by the equation : — 

Before sending the current : 

Zn + HjS 04 I 2(HNOh) + Pt 

Zinc Sulphuric acid | Nitric acid Platinum 

After sending tho current : 

ZnSO. I 2(H.20) -f NA -f- 

Sulphate of tino | Water Peroxide of mtrogen Platinum 


CELL. 

This oell differs from the Grove in one particular only : the 
expensive platinum is replooed by a piece of hard retort carbon 
o. The usual form in which tho oell is made is that shown in 
Fig. 17, the zino being in tho form of n 
. split cylinder Zn. The first cost of this 
cell is considerably loss than that of tho 
■ij gH nM .» Grove, butit uses more acid under ordinary 
^ working* 


Fig. 17.— Bunsen’s cell. 


form of tho oell is not nearly 
BO oompaot. The ohomic^ 
reactions in 
are almost it 
Grovo has { 

E.M.F. 

LECLANCHfi CELL. 

The elements in this coll 
are zinc and carbon, the ali- 
ment is a saturated solution 
of sal-ammoniac, the oxidis- 
ing agent is peroxide of 
manganese, and the cell is 
usually made up as in Fig. 18. 
Tho zino rod wdiich is shown 


to the left of the diagram 
should bo thoroughly amalgamated. Peroxide of manga- 
noso is a solid granular substanco which slowly gives up 
its oxygon at tho ordinary toraperaturo. As used in tho Lo- 
clanohe coll it is mixed with carbon — both being in tho state 
of small lumps, not in tho form of powders— and packed round 



a carbon stick in a porous pot ; tho top of this pot is then closed 
with pitch, allowing only a small hole through which a 
little liquid can be run in when necessary. The porous pot is 
thus only a mechanical means used for keeping tho negative 
element in contact with the oxidising agent. 

In tho more modem form of this cell the porous pot is dis- 
pensed with, the carbon and manganese being moulded into 
slabs (under pressure at a high temperature) which can bo 
strapped on to the carbon by rings of caoutchouc, which also 
hold in position the zino rod which is separated from tho slab by 
A wooden insulator. This arrangement is shown in Fig 19. 
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. When this cell is working it supplies a fairly strong current, 
but only for a short time, as it quickly polarises ; if it is then al- 
lowed to rest it quickly recovers its original k.m.f., which is 
about 1*45 volts. It requires little if any attention after having 
been once set up, and will work satisfactorily on intermittent 
work — such as the ringing of a bell — for years. Care should be 
taken that the water which may evaporate from it should be re- 
newed at intervals. 

AGRICULTURAL DRAINAGE AND 
IRRIGATION.— V. 

By J. WazcHTBOv, Professor of Agriculture, Royal School of Mines. 
MOLE PLOUGH—DRAlNINa TRENCH — DRAININO TOOLS, BTC. 

In the last lesson we considered two methods of draining land, 
associated with the names of Elkington and Smith, of Doan- 
Btono, and concluded by giving a brief sketch of the materials 
used in forming underground channels. Such materials are, 
however, not always necessary, as it is possible to ensure a 
sufficient channel for water without their introduction, and 
also, in some oases, to dry land by open ditches. The last 
method of drainage need not detain ns. Wore wo thoroughly 
to discuss it, wo should bo led into a very wide subject, exr- 
bracing tlio surface drainage of upland pastures, the drainage 
of woodlands, where underground channels are not practicable, 
owing to the far-searching and insinuating character of the 
roots, and into the whole question of reclaiming marshes and 
fenny tracts. Under all these circumstances open ditches are 
used, and are occasionally of such magnitude as to resomblo 
rivers and canals rather than ditches. Steam power is in such 
cases brought into requisition where the natural fall of the land 
is not sufficient to ensure an outfall, and the work assumes a 
magnitude requiring great engineering skill and a largo ex- 
penditure of labour and capital. Wo must leave the con- 
sideration of such enterprises from sheer want of space, and 
restrict ourselves to more ordinary drainage operations. 

With reference to the formation of underground channels 
without the use of tiles, stones, or any other material, two 
practices prevail. First, we have the mole plough forcing 
its way through a tenacious clay, and leaving a hollow channel 
like the path of the animal after which it is named. Secondly, 
WG have the drainage of peat, effected by leaving a space at tho 
bottom of a trenoh. 

Draining by means of the ** mole plough ** is principally used 
in pastures resting upon a tenacious soil. It may also be oin- 
l)loyed as a meaTis of drying arable land of similar character ; 
but owing to the fact tliat such draining is necessarily some- 
what shallow, and that arable soils are subjected to consider- 
able pressure from tho passage over them of horses and tillage 
implements, it follows that in their case a deeper and more 
penpanont system is desirable. 

Cheapness is the principal inducement for undertaking this 
work, the total cost being from to iJl 8s. per aero. The 
operation is effected by what may ho termed a plough furnished 
with a stout coulter. This coulter, which is let down into tho 
ground to the required depth, say thirty to thirty-two inches, is 
terminated by a conical or egg-formed piece of iron. The 
coulter cuts through tho soil, and, after tho passage of tho im- 
plement, the earth again closes together, leaving tho open 
channel, at the above-mentioned depth, caused by the passage 
of tho “ mole,’* The implement may bo drawn by steam power, 
or by a wire rope wound around a capstan, on the headland. 

Peat when drained is always liable to sink. Thus, at the 
November meeting of the Farmers* Club (1870), Mr. A. S. 
Ruston, of Aylesby House, Ohattoris, informed his audience 
that the surface of Whittlesoa Mere is seven feet lower than it 
was eighteen years before, when tho drainage works were 
begun ; and that “ in tho * Middle Level,’ on all our old- 
drained lands, wo find the subsidence is still going on at the 
rate of an inch per year.** While such a change of level is 
taking place, it would bo unwise to adopt pipe-draining at the 
^ual depths, as the lowering of the sm^ace would subject the 

1 ^ ^ injury from the treading of horses. The following 
plan 18 therefore used : — A trenoh is dug, thirty inches deep and 
^elvo inches wide at the bottom. A narrow grafting tool (Fig. 
4) 18 now used to deepen the trenoh, in such a manner as to 
leave should^s on each side of tho deepened portion. This 


is made plain by reference to Fig. 5. The sod taken from 
the surface is made to rest upon the shoulders just menfcioned, 
and thus a hollow space is left as a drain. The trench is 
now filled up, and the work is complete (Fig. 5). In othei 
cases, artificial channels ore out out of the substance of the 
peat by a tool oonstrncted so as to form somi-oylindors of peat, 
which, when applied together and laid at the bottom of a 
trenoh, make a fair drain. 

We have in the next place to consider the work of drain- 
age as carried out upon the principles laid down by Mr. 
Smith of Dcanstone. Tho tools with which tho work is 
performed are worthy of consideration, and after briefly 
describing them we shall pass on to the consideration of the 
work itself. A line for marking off tho work will bo the 
first requisite in carrying out drainage work. The drainer will 
oIho require an ordinary spade (Fig. 7), which need not be de- 



scribed. Tlio remaining tools for making the trench consist of 
two grafting tools (Figs. 4, G). Those are so designed as to 
economise the amount of ground removed to the greatest pos- 
sible extent. A glanoe at tho skotchc.*! in tho next page will 
show how tho 8uccos.sivo use of tho spade and grafting tools must 
I form a narrow trench, gradually decreasing in width with the 
breadth of tho implcinonts, until it is about four inches wide at 
tho bottom. A shovel for paring and smoothing tho sides (Fig. 
7), a pickaxe for removing land-fast stones or cutting through 
rock, a “swan-necked’* shovel for removing small fragments of 
earth and levelling tho bottom of the trench (Fig. 8), a pipe- 
layer or wooden shaft, with a piece of iron at its extremity 
turned at right angles to tho direction of its length (Fig. 9), a 
spirit-level, a drain-gauge for testing tho depth of tho trench, 
and a few boards and struts to support the sides of the trench 
whore the ground happens to bo of a very soft character. Such 
will be tho most necessary tools with which to start tho work of 
drainage. 

We have now explained the benefits of tho drainer’s art, 
discussed tho water economy of tho soil, the best materials 
for constructing underground channels, and tho work-tools 
required for carrying out tho necessary operations. Wo pro- 
ceed to the practice, first asking, How can we determine whether 
or not a field requires draining? Indications are numerous, 
both in the case of arable and of pasture lands. In the case of 
the former, wetness is indicated by tho difficulty of working tho 
soil for considerable periods after heavy rains have fallen. Tho 
ground cuts, or turns over from tho plough in compact slices, 
whereas in contiguous and drained soils of similar quality tlie 
furrow is mrtre friable, crumbling down after tho passage of 
the plough. Tho un drained farm, therefore, cannot compete with 
its drier neighbour in tho growth of root-crops, to which a fine 
tilth is absolutely necessary. Snow, too, has boon observed to 
lie sooner and longer on undrainod than on dry soils, owing 
to tho difference in temperature between the two. When the 
drying March winds sweep over tho country, the dry land 
speedily becomes white and dusty, while wet land keeps its 
black wintry colour, and continues uninviting to tho sower. 

Wot spots on hill-sides are indicated in the same way, and 
these spots may bo identified all through summer by stunted 
herbage, defioient ears, and blighted grain. In tho case of 
pastures, wetness is shown by sponginess under foot and a 
peculiar bleached appearance in the spring, when more favoured 
pastures are assuming a bright-green colour. The presence of 
sedges, rushes, and mosses all point in the some direction, and 
show that drainage is necessary. Accompanying these appear- 
ances in the land and herbage is a defective state of health 
in the live stock, and the prevalence of “quarter ill ” among cattle 
and rot among ^eep. Having then supposed a farm exhibiting 
snoh indications, it ia high time to relievo it of its super- 
abundance of water. 

The first thing to be secured is a good outfalL This will bo 
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fix 'd upon in aocordanoe with the elope of the ground and the 
means of obtaining egress for the water. We assnme the 
existeuoe of a suitable beok» ditch, or rivulet safilcient for our 
purpose, and endeavour to select a sound portion of the bank 
happily placed for receiving the contents of our main-drain. 
This follows the line of the field’s greatest depression. The 
furrow-drains fiow into it, either on one or both sides, according 
to the contour of the ground. Where the slope of a field is 
evidently in a certain direction, all this is easily arranged ; but 
whore the fall is slight the eye cannot be trusted, and the 
“level” must be used. One yard in every 220 is an ample 
fall.* Having decided on the direction of the main and furrow 
drains, our next business will bo to distribute tiles in small 
heaps at intervals along their proposed paths. Next, the work 
is commonood at tlio ouUuii by marking out with a line, and in 
the case of pasture land carefully removing the sod, and depo- 
siting it on one side. In arable 


expected to draw, and in some oases I have no doubt that a 
four-feet one will be required. In more porous matter a three- 
feet drain will probably draw twenty feet with as great, if not 
greater effect ; and in the case of a mouldy deep soil, resting on 
an impervious subsoil — ^whioh is not an uncommon combinatmn 
of soils in the turnip districts of this country — drain passii^ 
through the mould, and resting perhaps three or four inches in 
the impervious clay — which may altogether make it four feet 
deep — ^will draw, I have no doubt, a distance of thirty feet. 
More than thirty feet, I would feel exceedingly reluctant to 
recommend drains being made, unless the circumstances were 
remarkable.’ ’ Furrow-drains, it is maintained, should not be 
more than 200 yards long ; and if the slope down which they 
are brought is of much greater length, it will be advisable to 
break the distance — by running a main-drain across the line of 
slope, 80 as to carry off half the water — and to complete the 
drainage of the slope with a 


laud, the track of tho drains 
may be marked out by tho 
l>K)ugh. Whichever method bo 
decided upon, tho cultivated soil 
or sod must be deposited upon 
Olio side, and the lower and 
loss important soil upon tho 
opposite side. Tho work com- 
mcncos at the outfall, repro- 
sen tod in Fig. 10. One man 
steadily works backward, taking 
out the first spade’s depth. 
A Hocond labourer then com- 
luouoes at the outfall, stand- 
iug in tho trench made by 
the first man, and also work- 
ing backwards, 'using tho first 
giuftiiig tool. A third man 
iiMW commences at tho outfall, 
with the bottoming tool, and 
taking out tho last graff. Thus 
tho work progresses from tho 
outfall against tho slope of the 
land, and iu this way a clean- 
cut trench of uniform depth and 
width is excavated, tho bottom 
being made smooth and level 
wiili the scoop or swan-neoked 
shovel. 

Tho depth of tho drains, 
and tho distance between tho 
furrow-drains, are important 
questions in carrying out tho 
work. With reference to depth, 
wo recommend 3 4 to 4 feet as 
sufficient under ordinary oir- 
cumstancos. It is, however, 
not uncommon to find the 



new series of furrow-drains. 

The direction of tho main- 
drains has been sufficiently indi- 
cated. That of tho furrow- 
drains ought, as a rule, to follow 
the line of greatest slope. Such 
is the plan enforced by Govern- 
ment Inspectors of Drainage 
where tho work is assisted by 
Government grants. In other 
cases, where tho owner has full 
liberty to follow any plan that 
pleases him, it may bo worth 
while to deviate slightly from 
this general rule when the old 
watercourses diverge from the 
line of greatest slope. A ruth- 
less disregard of the path of old, 
long-used furrows has often 
been followed wwh misohiovous 
consequences. There are, in- 
deed, drainers who advocate 
crossing tho line of greatest 
slojje ; but it may bo readily 
shown that for a dm in to exert 
its action equally on both sides, 
only one direction is possible— 
that of greatest sloi)e. 

Draining is a winter operation, 
and the work may bo seriously 
impeded by heavy falls of rain 
or snow. It is for tliis reason 
that the work must be completed 
as it proceeds. No sooner is 
tho trench opened than it must 
bo prepared for the reception of 
the tile, by levelling the bottom, 
and making sure that water 


strata of a field so arranged that 


will be able to run down tho 


a groat advantage is secured trench without interruption. A 

by sinking the drains somewhat deeper. Mr. Girdwood writes practical mode of testing this is to empty a bucket of water 


as follows upon depth and distances apart of drains : — “ I find 
it necessary to drain from eight to ten yards apart on tho 
"Woold and Oxford olays; at from ten to twelve yards on the 
clays of the Bod Sandstone, where there is a uniform so-called 
homogeneous clay subsoil. In such oases the usual depth I 
employ is 4 feet for tho minor drains, and 4 feet 3 inches for 
tho mains. ... In some of the gypseous olays in Derbyshire 
and Staffordshire I have gone to groat depths. In one cose, at 
Sudbury, the seat of Lord Vernon, I have drained about forty 
acres at a depth of from eight to eleven feet. The drains are 
sixty-six yards apart, and have been perfectly successful. I dug 
down at a dry time, finding no great rush of water till I got to 
about eight feet. It then l^gon to flow, and at ten feet it rushed 
in with such force that the men hod to be hauled up,” Mr. 
Stephens, in his “ Book of the Form,” says— “With regard to 
tho distance between drains in a partially impervious subsoil, 
fifteen feet is os groat a distance as a throe-feet drain can be 


at the hood of the trench, and watch its course. Any small 
obstruction or hollow place may then be dealt with so as to 
ensure a perfect fall. The next point is to lay the tile. This 
work is usually committed to a superior man, or the for 3 man 
of the work, who, while he lays the pipes, mus'i see that the 
trench is satisfactory in depth and levelness. Tiles must be 
laid and covered in up to the point where the work ceases, and 
the last tile laid should be stopped with a wisp of straw to pre- 
vent the entrance of anything which may obstruct tho passage. 
Every tile should be perfect, and unworthv ones ought to be 
thrown aside. In the laying of main-drains, tiles tiix'ee inches in 
diameter are in general use, and two-inch tiles are sufficient for 
furrow-drains. The furrow-drains ore oonoimetod upon the 
same principle as the mains, care being taken that the junction 
with the mains is seonre and perfect. No two furrow-drains 
should open into the main exa^y opposite to each other, as 
such a combination would be a cause of weakness in the main 


channel. Main-drains also should be three inches deeper than 
“ Water will flow in lar^e rivers with a fall of three inohes iii a the furrow-ohaunels, so that a rapid fall may be given at the 
mile.**— IJotert Beort, BoyalAgrictaturalSootefy (Vol.1V.). j confluence of the two. 
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PRINCIPLES OP DESIGN. — VI. 

By CuBiBTOPHBR Dbbbbbb, Ph.D., F.L.S.» etc. 

HABMONIES AND CONTRASTS OF COLOUR {continued). 

In my last chapter we oommexioed the oonsideration of the har- 
monies and contrasts of colour, and set forth the laws governing 
its application to objects by aziomio propositions ; and the prin- 
maples taught in those axioms were illustrated diagrammatically. 

With the view of continuing this diagrammatic form of illus- 
tration, and of impressing upon the mind the statements made 
in my former chapter, and with the further view of familiarising 
my readers with this mode of study in the hope that they may 
apply iti to my essays on the various manufactures, 1 shall make 
manifest the quantities in which the various colours harmonise : 
thus: — 
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To those who are about to practise ornamentation, it is very 
important that they should have in the mind’s eye a tolerably 
accurate idea of the relative quantities of the colours necessary 
to harmony, oven where the ooiours are considered as existing 
in a state of absolute purity. Wo have rarely, however, to use 
the brightest blues, reds, and yellows which pigments furnish, 
and even toese are but poor representatives of the potent 
colours of light as seen in the rainbow, and with the agency of 
toe pnsm ; nevertheless, a knowledge of the quantities in wMch 
these pw colours harmonise is very desirable. The proportions 
^ have stated that ooloura perfectly harmonise, and in 

ahieh the primary ooiours combine to form toe secondaries, and 


the secondaries the tertiaries, are given in reapeot to the colour^ 
of light, and not of pigments or x>ainta, which, as we have just 
said, are more or loss base representatives of toe pure colours of 
light. Yet certain pigments may, for our purpose, be regarded a& 
representing pure colours. Thus, the purest real ultramarine wo 
shall regard as blue (cobalt is rather gi'eeu, that is, it has a little 
yellow in it ; and the French and Clerman ultramarines are gene- 
rally rather purple, or have a little red in them, yet the best of 
these latter is a very fine colour), the purest French carmine as 
red (common carmine is frequency rather crimson, that is, has 
blue in it, or rather scarlet having yellow in it ; vermilion is much 
too yellow), and lemon chrome as yellow (the chrome selected 
must be without any green shade, and without any orange 
shade, however slight); and these pigments will be found to 
represent the colours of the prism as nearly as any that can be 
found. I would reepmmend the learner to get a small quantity 
of these ooiours in their powder form, substituting the best 
pale German ultramarine for real ultramarine, as the latter is 
of such a high price,* and to fill the various circles of our 
diagi-ams, which represent the primary colours, with these pig- 
ments, mixing them with a little dissolved gum arabio and 
water. The secondary ooiours will be fairly represented by 
pale-green lake, often called drop-green, by orange-chrome — 
that of about the colour of a ripe, rather deep-oolourod, orange 
rind — and the purple by the admixture of pale Gorman ultia- 
marine and crimson lake, in about equal proportions, with a 
little white to bring it to the same depth as the gr'^cn. 1 cannot 
name any pigments which would well represent the tertiary 
colours. Citrine is about the colour of candied lemon peel ; 
olive about the colour of candied citron peel, and russet is often 
seen on the skin of certain apples called “ russet apples,” in 
the form of a slight roughness; but this russet is in many 
oases not quite sufiiciently rod to represent the colour bearing 
the same name. Iron rust is rather too yellow. This colour 
should boar the same relation to rod that the candied lemon- 
peel does to yellow. 

If the student will try carefully to realise those ooiours, and 
will fill up the circles in our diagrams with them, ho will thereby 
bo much assisted in his studies ; but it will be still better if 
he prepare fresh diagrams on a larger scale, and use squares 
instead of circles. I should recommend, and that I do strongly, 
that the student work out all the diagrams which we have 
suggested on a tolerably large scale, using the colours whore I 
have used words. I should also advise him to do an ornament, 
say in rod on a gold ground, and outline this red ornament with 
a deeper red; to do a gold ornament on a coloured ground, and 
outline it with black ; and indeed to carefully work out an orna- 
mental illustration of our propositions, Nos. 24, 25, 26, and 
27, and to keep these before him till he is so imi)rcsBed by them 
as to feel the principle which they set forth. This should bo done 
on a large sc^e in all our designing-rooms and art-workahops. 

As wo shall have to refer to colours by naming pigments, and 
as I am constantly asked wbat pigments 1 employ, 1 shall enu- 
merate the paints in my colour-box ; but I shall place a dagger f 
against those which I have in my private box, and which I do 
not supply in my ofQoos ; but these I seldom use. Of yellows 1 
have king’s yollowf (not a permanent colour), very pale chrome, t 
lemon chrome (about the colour of a ripe lemon), middle chrome 
(half-way between the lemon and orange chrome), orange chrome 
(about the colour of the rind of a ripe orange), yellow lako,t 
Indian yellow.f Of reds — vermilion, carmine, crimson lake. 
Of blues — cobalt, t German ultramarine, both deep and pale, 
Antwerp blue, indigo. Of greens — emerald, green-lake, pale 
and deep. Of browns — raw Turkey umber, Vandyke, Venetian 
rod, purple-brown, brown-lake. Besides these I have what is 
called celestial blue, which is a very pure and intense turquoise, 
vegetable black, fiake white, and gold bronze. 

There are oeriain facts connected with the mixing of colours 
which must never be lost sight of ; thus, wliile the colours of 
light oo-mingle without any deterioration, or loss of brilliauoy, 
pigments or paints will not do so, but by admixture tend to 
destroy one another. This takes place only to a small extent 

* Beal ultramarine is sold at £8 per ounce. The beat imitation, or 
German ultramarine, is procurable at any oil-shop at about 3 b. to 4 b. 
per pound. The best carmine should be procurable at 69. per ounce, 
but artists* colourmen often charge £1 Is , owing to tbe small demand 
for this pigment. The boat cthrome yddow (this is kept m many shades> 
• is about Is. 6d per pound. 
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when bnt two primary ooloura are combined ; but if any of the 
third primary enters into the composition of a tint, a decided 
deterioration, or loss of intensity, occurs. 

For this reason wo employ many pigfmenta, so os to grot as 
little mixing: of colours as we can. But there is another reason j 
why the jrroat admixture of colours is undesirable. Colours are ‘ 
chemical agents, and in some cases the vax’ious pigments act 
chemically on one another. Of all colours yellows suffer most 
by admixture with other colours ; but this is accounted for by 
their delicacy and purity. For this reason I use a greater 
variety of yellow pigments than of red or blue. 

Wore it possible to procure throe pigments devoid of chemical 
afhnities, and each of the same physical constitution, os of 
equal degrees of transparency or opacity, the one truly repre- 
senting the blue of light, another the rod, and another the 
yellow, wo should need no others, for of these wo could form all 
other colours ; but ns no pigments come oven near to the ful- 
filment of these conditions, we have to employ roundabout and 
clumsy methods of arriving at our ends. 

Wore I inquiring into the laws of colour with a view to scien- 
tific ends, I could here point out a number of most interesting 
facts ; but while I must not do so, I am happy to say that 
l^rofessor Church has contributed a series of papers to The 
Tkc'HNICAl Kducatob, taking the soientifie view of colour ; 
and I would urge upon my readers the desirability of studying 
those contributions, for there they will find the explanation of 
facts which 1 can only mention. 

I hesitate to prooe^, lost I should not have made my mean- 
ing suliiciently clear respecting points on which I have touched ; 
and before I do so I think that it will bo safer if I extend my 
remarks respecting certain statements ; fur there is a. ways the 
fear of supposing that, because one happens to bo familiar 
with a certain subject, others, who have never before thought 
on the matter, must at once catch his meaning, even if given 
almost in the bare form of a hint ; and it is certainly safer to 
err on the sitlo of excessive elucidation than on that of poverty 
of explanation. 

Tlioro is one statement which I made in my last paper that, 
perhaps, needs a little elucidation, although the careful student 
may have seen the reason of my statement. I said that purple 
harmonised with citrine, green with russet, and orange with 
olive, I might have expressed it (and many would have done 
so) thus : — The complement of citrine is purple, the oomploment 
of russet is green, and the complement of olive is orange. A 
colour which is complementary to any other is that which, with 
it, completes the presence of the throo primary colours : thus 
green is the oomploment of red, and red of green, for each, 
together with the colour to which it is the complement, com- 
pletes the presence of the three colours. But in order to a 
harmony, the comploraont must be made up in certain propor- 
tions. Let us now refer to our second diagrammatic table in 
my last article, and we there see that citrine is formed of two 
equivalents of yellow and only one equivalent of red and of 
blue. Now, in order to a harmony, each primary should bo 
present in two equivalents, as one is present in this quantity — 
i.e., the yellow. One equivalent of blue and one of rod (both 
of which are wanting in the citrine) form purple ; hence purple 
is the complement of citrine, or the colour that with it pro- 
duces a harmony. In russet one equivalent of blue and one of 
yellow are wanting, and these in combination are green — green, 
then, is the complement of russet. And in olive one equivalent 
of rod and one of yellow are wanting — rod and yellow form 
orange, hence orange is the complement of olive. 

I have spoken of all colours ns of full intensity ai.d purity, 
but wo have to deal also with other conditions. All colours 
may bo darkened by black, when shades are produced ; or re- 
duced by white, when Unis are produced. Besides these altera- 
tions in intensity, a portion of one colour maybe added to another. 
Thus, if a small portion of blue be mingled with red, the red 
becomes a crimson or blue-red ; or if a small portion of yellow 
be added to the rod, the latter becomes a scarlet or yellow-red. 
In like manner, when yellow is in excess in a green, we have a 
yidlow-gfroon ; or when blue is in excess, a blue-green ; and so 
with the other colours. Such alterations produce hues of 
oobmr. 

We now come to the subtleties of harmony. Thus, if wo 
have a yellow-red or scarlet— a red with yellow in it - the green 
that will harmonise with it will bo a blne-greon ; or if we have 


a bine-red, a orimson — a red with bine in it — the peon that 
will harmonise with it will be a yellow-green. This is obvious, 
for the following reasons i — Let us suppose a rod represented by 
the equivalent number, five, with one part of blue added to it, 
thus causing it to be a blue-red or orimson. Were the red 
pure, there should bo eleven ports of green as a complement to 
the five of red, of which green eight parts would bo blue and 
three yellow ; but the blue-red occurs in six parts, one of which 
is blue — ^there ore, then, but seven parts of blue remaining in 
the equivalent quantity to combine with the three of yellow, 
one being already used ; hence the green formed is a yellow- 
green, one of the equivalents of blue necessary to the formation 
of a true green being already in combination with the rod, and 
thus absent from the green. 

The same reasoning will apply to the BCRrlot-rcd and blue- 
green, and, indeed, to all similar, cases ; but to take the case of 
the crimson-rod and yellow-green, as just given, and carry it a 
stage further, wo might add two parts (out of the eight) of blue 
to the red, and make it more blue, and then form the comple- 
mentary green of six parts of blue and three of yellow, and 
thus make it more yellow. Or wo may go farther still, and add 
to the rod six of the eight parts of blue, when the axlmixturo 
would appear ns a red-purplo rather than as a blue-red, in which 
ease the complementary green — or, rather, grccn-yellow — would 
consist of two parts of blue and throe of yellow. These facts 
are diagrammatically expressed in the following : — 

Red. t - Tellcw. 
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bination varies. This variation may oijcur to any extent, pro- 
vided the totals of each bo always the equivalent proportions. 

These remarks will apply equally to hues of colour, shades, 
and tints, and to shades and tints of hues. 

Care, and perhaps a little practice, will enable the learner to 
arrange colours into a number of degrees of depth, or shades, as 
they are generally called. (Wo do not here use the term as signify- 
ing pure colours darkened with black.) Ton shades of each colour 
differing obviously in degree of depth can readily bo arranged 
by the experienced, the ten shades being equidistant from each 
other as regards depth — that is, shade 3 will be as much 
darker than shade 2 as shade 2 is darker than shade 1, 
and BO on throughout the whole. Purple is a colour intor- 
mediato between blue and rod. Imagine ton hues between the 
purple and the rod, and ton more between the purple and the 
blue ; thus wo should have purple, then a slightly rod purple, 
then a rather rodder purple, thou a purple still more rod, and 
BO on till we get purple-rods, and finally the pure red ; and the 
same variations of hue at the blue side also. Imagine, further, 
the green having ton hues extending towards blue, and ten 
more stretching towards the yellow ; and the orange liavlng 
ton hues towards the rod, and ten towards the yellow — in all 
cases I count the colour from which we start as one of the 
ten, thus : — 

Blue. Purple. Bed, 

0987654321284567890 
— and we shall have 54 colours and hues of colour. Of each of 
these 54 colours and hnes imagine 10 degrees of depth, and we 
get 540 colours, hues, tints, and shades, all differing from one 
another to an obvious degree. 

Mark this fact, that any colour, tint, hue, or shade of such a 
diagram has its compkmexit in one other of the oolburs, tints, 
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hues, or Bhadea of the diagram, and that only two of this Boriea 
of 540 are oomplomentary to each other; thus, if yon fix on 
any one colour of the 640, there is but one colour in the whole 
that ia complementary to it, and it ia complementary to but 
this one other colour. 

The atudent will do well to try and make a colour-diagram 
of thia kind, of a aimple character, aay auch aa the following, 
only using pigments for my numbers ; but in doing ao ho 
must exercise the utmost care, in order that ho bgcuto aonae 
degree of accuracy of tint or shade, and if ho can call to his 
aid an experienced colourist it will be of great assistance to him. 


Purpla-Mua l 


Purple. 1 


2 


^ 1 Crcou-l^ue. 

^ 2 

3 1 Llue-rjrtcn, 

3 2 

3*5*3 - 1 0««ii. 

16 4666 4 2 

Red- ^5 5 

l)ujple. * 34 jj 543 -^ green. 

* * 3 2 1 Cr...- 

y, 5 ^ A ytllow, 

**5 5 Q 


3 4 

PuTjyle- 1 2 5 

red, _ ^ 5 

O 3 4 656 ^ 


Bed, 1 3 4^4 3 

2333 2 

Orange-red. 1 2 3 ^ 

Red-orange. 1 1 
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1 Orangp-yellovB, 
1 TeUow-urange, 


Orange. 

Tliis table is highly valuable, as it gives ninety harmonies, 
if carefully prepared in colour ; and the preparation of such a 
liable is tho very best practice that a student can possibly have. 

Lot us for a moment consider tliia table, and suppose that we 
"want to find the complement to some particular colour, ns 
the third shade of rod. We find the complement of this in tho 
third shade of green opposite. If wo want the comidoment of 
tho second shade of orange-yellow, wo find it in the second 
uhade of blue-purple opposite, and so on. Thus we have a 
moans of at once judging of tho harmony of colours. 


FORTIFICATION.— IV. 

BY AN OFFICER OF THE ROYAL ENGINEERS. 

TRACE OF WORKS — DEFINITIONS OP VARIOUS METHODS OP 
AUTinUEBT ATTACK, AND MODES OF OBTAINING PROTEC- 
TION FROM THEM. 

Before considering tho varieties of trace suitable for works 
under different circumstances, it will bo well to examine tho 
ways in which artillery and musketry fire can be employed for 
their attack and defence, and then what defensive arrangements 
can bo made to guard against these. Various terms aro em- 
ployed to express the direction, mode of firing, and special 
objects of artillery fire, with reference to tho works attacked. 
Thus the terms directy oblique, reverse, enfilade, flanking all 
express the horizontal direction of tho fire ; whereas plunging, 
pitching, vertical, and ricochet denote varieties cither in the 
mode of firing, or the results to be attained. 

The terms direct and oblique are applied to tho fire of guns 
placed either immediately opposite or oblique to the direction 
of the works attacked. 

Reverse fire is that which is brought to boar on tho interior 
of a work by guns firing into it from the roar, Wlien tho guns 
of the assailants aro so placed as to bring either a direct or 
oblique fire to bear on the works, they must bo opposed by 
parapets of sufficient strength and thickness to resist them ; 
"but when protection from reverse fire is required, it becomes 
necMsary to construct a sort of second parapet inside the work, 
behind the guns, which is called a parados. 

When the enemy’s guns ejo in prolongation of tho lino of 
work attacked, and can fire along the rear cf that line, it is 
called enfilade fire. This is a very effective method of artillery 
attack, as any one shot may take effect on many more guns or 
men than it could if it merely passed directly through the 
parapet. To guard against this, groat care should be taken 


in tracing a work that' the prolongations of the lines of parapet 
are directed on to points inaccessible or beyond tho range of 
the enemy’s guns. Where thia is impracticable, short earthen 
parapets, called traverses, must bo built at right angles to the 
general line, to intercept tho shot. 

Ricochet foe is that in which tho charge and elevation of tlio 
guns are so arranged as to cause the shot to make a number of 
rebounds after its first graze in the work. It is consequently 
often employed for enfilading purposes. 

When a line of parapet is ao placed that the fire from its 
guns passes parallel to and in front of another lino, it is called 
a flank, and defends that lino by a fiouking fire. A glance at 



any ordinary profile (Fig. 2C) will show that the ditch oannot be 
defended by the direct lire of the parnpet bebitid it, and unless the 
ditch is defended by a flank fire from some other part of the work, 
the enemy might assemble in comparative safety in it before 
making his final assault. This defence ia obtained cither by 
moans of flanks or by constniotiona in tho ditch, and it is with 
reference to it that most of tho varieties in the trace of works 
other than those dependent on tho shape of tho ground are 
made. 

Vertical fire is that from mortars firing sheila at an angle of 
45® so as to fall almost vertically. Tliis is tho least accurate 
of all tho artillery fire wo shall have occasion to consider, but 
is useful for bombarding towns, closed works, etc., where great 
accuracy is not essential. Protection from the effects of 
vortical fire can only be obtained by constructing building^s, 
tho roofs of which are of sufficient thickness to resist the fall 
of tho sholls from a great height, and their subsequent ex- 
plosion. In all works intended to make n prolonged rosistanco 
to mo<lern artillery, protection of this kind, or “ bomb-proof 
cover” ns it is called, must bo largely provided. Wlien those 
buildings are of a permanent nature, they are called casemates, 
and where only temporary constructions, blindages. As a guide 
to tho thickness of roof necessary for this purpose, it may be 
well to remember that the maximum penetration of tho largest 
spherical shells in the British service (13 inches) was found to 
be as follows, viz. — penetration in eai'th, 6 feet ; in concrete 
or brickwork, 1 foot 6 inches. 

Pitching fire is similar to ricochet, except that tho shot 
descend at such an angle as not to rebound. It is used in tho 
attack of works, to strike objects that are hidden from view by 
some intervening mass, over which tho shot must pass. Escarp 
walls and other masonry in permanent fortifications aro liable 
to be broached by this means, unless th:*y are kept considerably 
below the direct lino of fire. 

Plunging fire is that from guns firing with full charges at 
objects on a much lower level than Ihomsolvcs. Owing to the 
considerable angle of depression of the guns tho shot do not 
ricochet, and greater accuracy in firing is required ; it is not, 
therefore, very efficient against troops or small moving objects, 
but is most effective against ships, whose guns probably oannot 
j elevate sufficiently to reply, and whoso docks, even in iron- 
clads, are rarely invulnerable. The Bassian “Wasp” battery, 
which did so much damage to tho English ships bombarding 
Sebastopol, was an example of this. Undoubtedly the ad- 
vantaares of a commanding position aro so considerable, and 
tho difficulties of protecting the interior of a work from plunging 
fire are so great, that none but urgent reasons can justify works 
being placed in so disadvantageous a position ; it must not, 
however, be supposed that a slight differenoe of level con- 
stitutes plunging fire, or that a work is neoessarily untenable 
because it is somewhat lower than the attacking guns ; for tlio 
Russian linos at Sebastopol withstood for more than a year the 
attack of tho Allies, whose artillery was posted on a higher 
level than they were. 

The object of almost all works being that of enclosing or pro- 
tecting some particular area, it follows that few can consist of 
a mere straight line of parapet^ and their trace or outline shapp 
will depend— .. .... 
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1. On the number of men they axe intended to hold. 

2 . On the shape of the ground. 

8. On the necessity for dank defence for the ditches and 
ground in front. 

The trace will, therefore, either be a curved line or consist 
of a number of lines forming angles with one another. When 
an angle points outwards from the work it is called a salient 
angle (Fig. 27) ; and when it points inwards, a re-entering angle. 
The former should bo as obtuse as possible, and never less 
than 

The imaginary line bisecting a salient angle is termed the 
capital. 

The distance from a flank to the furthest point of the work 
flanked by it, measured in the direction of the flanking fire, is 
oallod a line of defence. 'Ihe length of this lino is dependent 
on the weapons used, although, as the same accuracy can never 
bo obtained from men who are being fired at as from ordinary 
target practice, it is made considerably less than the effective 
range of these arms. In field-works, therefore, the linos of 
defence should not, as a rule, be more than 200 yards long ; and 
in permanent works, where the ditches are flanked by artilleiy, 


with intervals (Fig. 29). Closed are better than openworks for 
this latter case, unless i^re is a second line of works behind the 
first, in which case the gorges of the open works must be closed 
by obstacles, to prevent the enemy, by a temporary success, 
getting possession of them, and dismounting the guns or doing 
other damage before retiring. 

In permanent works an attack on the rear of the open works 
in connection with the fortress can rarely be made, owing to the 
formidable nature of the ditches that surround them 

When closed works are employed in the outer line, their 
gorge parapets should be made so thin as not >to prevent the 
guns of tho rear-line firing into them. 

The principal descriptions of open works employed in field 
defences are — redans, jlSches, double or triple redans, and 
lunettes ; and in permanent fortification more formidable 
works, answering the same purpose if not exactly of the same 
shape, are employed, called ravelins, lunettes, horn works, 
and croum works. 

Redans, ji^ches, and ravelins are all of mnch the same fornv 
and consist of two lines of parapet meeting in a salient angle. 

A redan is a large field-work of this shape ; whereas a jUche 



CAB, salient angle ; a n, capital ; c n, gorge ; n c e r, fttmks ; boa,, 
ABF, re-euterlug angles, or flankiug angles, or augloa of defence t 
0 A, line of defence. 



they may vary from 300 to 500 yards, so as to be within range 
of ease and grape-shot. 

The angle between a flank and a lino of defence is called tho 
flanking angle or angle of defence. This should never be less 
than a right angle, lest accidentally oblique fire should wound 
men defending the parapet that is being flanked ; and should 
Jiot exceed 95®, as the fire would then become too divergent. 

When the parapets of a work entirely surround the site 
occupied, and its garrison is consequently capable of an inde- 
pendent resistance, no matter on which side the attai^k may bo 
made, it is called a closed work ; and when its parapets only 
afford a defence in certain directions, leaving an open side or 
gorge liable to attack, it is called an open work (Fig. 28). 

Closed works are suitable for isolated positions, and should, 
if possible, have their own flank defence. Open works are 
^Cb^fly used as auxiliaries to other works, to afford a flank de- 
*fenoe for the approaches to them, and are themselves defended 
by the flank-fire of the works in rear, which should be able to 
fire into their oxwn gorges and prevent on enemy occupying 
'them. 

Both open and closed works are frequently combined so as 
to mutually defend one another, for the occupation of a long 
line or position. They are then oallod lines of intrenchments. 

If a number of open works are connected by a line of parapet 
or obstacles, they are called continuous lines ; and if the works 
^aiw isolated ‘and the spaces between them avij defended by the 
fire of the ooUateral works or works in rear, they are called ~ 



A, open-work gorge closed by obstacles ; b, closed work. 



is a smaller work, intended merely to protect a gate or some 
similar small object. In Fig. 30 is shown Vanban’s Eedan lino, 
consisting of redans 180 yards apart, connected by a straight 
line of parapet. 

A ravelin is a permanent redan-shaped outwork, placed in 
advance of a permanent fortification to increase its defensive 
powors. 

All these works have the defects of being liable to be enfiladed, 
of being open at the gorge, and of having the space in front of 
the salient angle badly defended. This is owing to the fact that 
men firing over a parapet deliver their fire at right angles, or 
nearly so, to tho crest (Fig. 31). 

This undefended space may be brought under fire by the 
addition of short auxiliary flanks (see Fig, 29), or by forming a 
short face at right angles to the capital. In some cases where 
the front fire of a ravelin may bo much wanted, and its flank 
fire required in a direction at right angles to tho capital, 
this principle may bo still further applied (see Fig. 32). 

A dovJbU or triple redan consists of two or three redans com- 
bined as one work (Pig. 33). In these the flank defence of the 
salients is provided for, but the outer f^es on either side are 
unflanked. A lunette is a redan with two e x tra faces parallel 
to tho capital (Fig. 34). It is useftil as an advano^ bfitwork, 
but has all the defects of other open works. 

Open works are specially adapti^ for the protection df btidg^s 
or other positionB where they cannot be attMked in reaxl Thigy 
sore then called tSies du pant dt bridgedioacli: 
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BUILDING CONSTRUCTION.— VIII. 

AECHES (continued). 

Thb semi-drctdar arch was the kind of arch principally used by 
the Bomans, who employed it largfoly in their aqueducts and 
triumphal arches. Other forms, however, are mentioned by 
some writers as having been employed by the ancients. In the 
Middle Ages forms still different to those already in use wore 
generally introduced. Thus we have- — 

The stilted arch, which it is scarcely necessary to say is but 
an adaptation of the semi-jiroular, the springing being raised 
above the capitals of the columns. The illusiration below (Fig. 
65), copied from Mr. Owen Jones’s admirable handbook to the 
Alhambra Court of the Crystal Palace, will afford the student a 
good exaniple of this species of arch. 

Next wo have the horseshoe arch, also used in, and almost 
entirely restricted to, the .Arabian style of architecture. In 
this form of arch the curve is carried below the line of centre 
or centres ; for in some cases the arch is struck from one centre. 


a rule indicates the stylo called “Early English,** which pre- 
vailed in this country from about 1189 until 1307. 

Fig. 58 is the equilateral arch, the radius with which the 
arcs are struck being equal to the span of the arch, and the 
centres being the imposts ; and thus, the crown and the imposts 
being united, an equilateral triangle is formed. This form was 
principally used in the “Decorated” period of Gothic archi- 
tecture, from about 1307 until about 1390, at which time the 
ogee arch (Fig. 59) was also occasionally used. 

At a later date, during the existence of the “ Porpondioular ** 
stylo of Gothic architecture — viz., from the close of the fourteenth 
century to about 1630 — wo find various forms of arch introduced, 
j such as the segmental (Fig. 60), formed of segments of two 
I circles, the centres of which are placed below the spriTiging; 
i and still later on wo find the Tudor or four-centred arch (Fig. 

, 61), in which two of the centres are on the springing and two 
below it. The arches at the later period of this style became 
flatter and flatter, and this forma one of the features of De- 
based Gothic, when the beautiful and graceful forms of that 
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be filled in with mortar or oemont. Thns, in building such an 
aroh, the bricks at the inner line should all but touchy and the 
oent^ng (the wooden framework upon which the arch is tempo, 
rarily built) should not be struck (or removed) until the arch has 
settled or the cement perfectly hardened. 'J"he cement used 
should bo of greater oonsistency than for general purposes. In 
oonBcquenoo of the unavoidable defect in plain brick arches — 
viz.y that the bricks are not in themselves wedge-liko in form, 
but ore kept apart at the top by a matter liable to shrink — it 
is advisable in extensive and continuous works, such as tunnels, 
sewers, vaults, etc., to make them of thin independent rings of 
half .brick or ono-briok thiok — that is, a 9-inch arch should be 
in two half-brick arches, as is shown in the illustration (Fig. 

and an IS-inch arch should bo formed of rings consisting 
of alternate whole and half-bricks, the bricks being put in 
whore they come naturally, as where three, four, or more bricks 
of the inner ring cut in with four, five, or more of the outer 
ring ; ])ut by lialf-bricks wo do not, in this case, mean bricks 
r.nt into halves, but merely laid on their edge, as headers^ so as 
to bo half-hrick high. Each arch thus becomes bonded in itself 
with headers and stretchers, as in a brick wall. 

Rough arches arc those in which the bricks are roughly cut 
with an axo to a wedge form, and are used over openings, such 
iis doors and windows, when the work is to bo plastered on the 
outside, or in plain back-fronts, outhouses, garden gates, etc. ; 
when, however, they are generally neatly finished off with what 
is called a “tuck joint.’’ This consists in marking the dh'isions 
by a neatly-raised line of fine white plaster, having previously 
pressed a blue mortar into the joints. 

Pointing is of two kinds, tuck, as above, and flat. This 
last consists in first raking out the mortar in front of the joints, 
and filling in with mortar, on whicli the lino is then marked with 
the edge of the trowel. 

Somi-oircular and elliptical arches, when large, are generally 
formed of unont bricks ; but those composed of small segments 
of circles are either cut or axed. These are sometimes called 
scheme arches. Very fiat arolies are known by the name of 
“ camber,” from the French word camhrer, to round like an 
arch. 

Gauged arches are formed of bricks which are cut and rubbed 
to gauges or moulds, according to a full-sizod drawing of half an 
arch. Gauged areshes are, of course, the neatest in appearance, 
and are ihoroforo used in the fronts of houses. 

When the arches are somi-ciroular, the bricks will all be of one 
shape, and therefore, if the number of arches renders it worth 
while, the bricks may be all moulded ; that is, made specially of 
the exact size and form required. The arches over windows in 
fj-onia of houses are frequently straight. Such a window with a 
diagi'am (Fig. 63) will bo shown in the next lesson. The outer 
slant lino of the arch is called the skew-hack, and, as a rule, the 
skew-backs of both sides should meet on the centre lino, at 
an angle of 60*^. From the drawing it will bo soon that the 
material between the two arcs struck from n is all tliat is really 
offiolont in forming the arch, and that all between the arc and 
its chord is of no service. Tliis breadth may bo increased by 
making the angle at the centre loss than 60® — tliat is, taking 
the centre lower down on the perpendicular line ; the skew-back 
will not then slant so much, and the width at the crown will 
i>o more, the arch l>oing flatter ; but that portion will be less 
secure than by the former system^ for, as the radii diverge loss, 
they arc more nearly parallel, and honco are not so tightly 
wedged together. These arches require to bo executed with 
the utuKjBt nicety, being generally of only half a brick thick, 
and not being bonded to the work bcliind them. Bricklayers 
usnally cut the joints of gauged arches slack at the back, so as 
to get a fine joint on the face ; the oonsnquonco is that the pres- 
sure of the load causes the arrises of the face to chip, and thus 
the bricks fall out ; this should thoroforo bo guarded against. 

DRAWING POR BRICKLAYERS. 

In ocoordanco with the plan laid dewn — viz., that the cuts in 
those losHfuiK should serve not only as illustrations of the text, 
but as studios for drawing — we now proceed to give? tho student 
some instructions as to the method of drawing the subjects used 
as arohiteotural illu.strationpt 

One illustration provionsly given may, however, require a few 
bints to guard the student against error, viz., Fig. 02. 

^ The subject of this is a “ plain arch/ ’ that is, one in which 


the bricks are not cut or altered in form, but are still made to 
radiate ; that is, tho intrados of tho arch is to be made smaller 
than the extrodos, for otherwise an arch could not bo formed ; 
and here it is to bo remomberod that tho difference between the 
small intrados and tho larger extrodos is made up by mortar or 
rough pieces of bricks, but that tho bricks themselves retain 
their original size. 

Kow to draw such an arch ; — 

The radius of the intrados being given — ^viz., A b — ^from A 
with radius A b, describe the semicircle, half of which is here 
shown, and also tho semicircle c ; tho width between these two 
semicircles being equal to tho width of a brick laid on its broad 
side, viz., 4.J inches by scale. 

Divide the intrados into as many equal j>arts as there are to 
be bricks in tho inner ring of the arch ; viz., 1, 2, 3, 4, etc. 

It will be evident that the centres of these bricks radiate from 
tho centre of the circle, though their sides do not. 

Therefore, bisect each of tho spaces 1, 2, 3, 4, etc., and draw 
radii through these bisecting points. 

Now, if a lino were drawn along the end of a brick it would 
bo at once seen that the edge of tho top and bottom surface 
would bo parallel with this line, and of course with each other ; 
therefore, from points 1, 2, 3, 4, etc., draw linos hetween the somi- 
circles, %)araUel to the radii. This may easily be done with a 
pair of sot-squares, by the method shown in the lessons in 
“Technical Drawing;” and thus a somiclrclo of oblongs will 
bo obtained — that is, approximately so ; for were this drawing 
executed on a larger scale, it would bo seen tliat tho inner 
and outer edges of tho ring are made up of i)ioee8 of straight 
lines equal to tho width of tho shorter edge of tho end of each 
brick. 

For tho second ring, mark off the width c d, equal to bc; sot 
off oa tho semicircle c the width of the narrow sides of the 
bricks, as at 1, 2, 3, 4, etc. ; bisect these spaces, and draw lines 
parallel to tho bisecting lines as before. 


CIYIL ENGINEERING.---III. 

B V K . O . BARTHOLOMEW, C. E . , M. S . K . 

WATER-WOKKS, 

The term V'citcr-xcorks is properly applied only to such works 
as have for their object the collection, supply, and conveyance 
of water to towns for drinking and sanitary purposes, but it is 
als'> applicable in a somewhat subordinate degree to tho storage 
and utilisation of water for agricultural purposes. 

We have adverted to that great work of Egyptian engi- 
neering, Lake Maoris, which was intended as a reservoir to re- 
ceive tho waters of tho Nile at the period of overflow, to be 
employed afterwards for the irrigation of the surrounding dis- 
trict. In all countrios whore the rainfall is confined to certain 
seasons, and is thou excessive, it is imperative to i)rovidG against 
tho effects of the dry season. In Hindostan, whore the groatost 
periods of drought occur at certain cycles of years, tho construc- 
tion of reservoirs has been carried to an extreme that is not found 
in any other country. Advantage has been taken of every nook 
and ravine, and, by throwing across them banks of earth cidled 
hinds, they have been converted into storage reservoirs. In 
the Madras pj'osidoncy alone, there exist at tho present time 
upwards of 43,000 irrigation reservoirs available for use, whilst 
thousands besides have become useless through neglect. Tho 
length of those bunds varies from half a mile to thirty miles. 
Tlio Poniary taiik, now disused, was formed by tho construction 
of a hund thirty miles across tho opening of a valley, and em- 
braced an area of nearly eighty square miles. The Veranum 
reservoir is still in operation, and possesses an area of thirty-five 
square miles, the bund whitjh effects the storage being twelve 
miles long. In tho island of Ceylon there exist tho remains of 
an embankment constructed for storage purposes fifte<»n miles 
long, composed of huge blocks of stone cemented together, 100 
feet wide at the base, and sloping to a top width of forty feet. 

These semi-natural reservoirs are to bo found in Great 
Britain, but in smaller proportions, as, for instance, in tho Pent- 
land Hills, where one such reservoir forms the principal source 
of water-supply to Edinburgh. 

In determining tho position for a reservoir of this kind, there 
are several matters which require consideration irrespective of 
tho formation of tho ground. It will be necessary to determine — 
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1. What is the height of the proposed reservoir with respect to 
the town or district to be supplied from it P 2. What is the 
nature of the soil composing the proposed site ; is it porous or 
otherwise ? 3. What is the source of supply ; is it regular, 

being derived from springs, or irregular, being dependent upon 
rainfall ; and if the latter, may a sufficient amount bo expected 
to be available in all ordinary periods of dry weather ? 4. What 
aire the difficulties to bo encountered in conveying the water 
from the reservoir to the town P 

The question of rainfall is one of tlio highest importance in 
matters of water-supply. As a ndo, the rainfall is greatest in 
those districts which arc situated towards the coast-lino, whence 
the prevailing winds blow. For instance, in Great Britain and 
Ireland, the south- wostom districts are the most rainy; but 
the x>resence of mountains which i>onetrato the cool moisture- 
charged regions of the air causes the atmosphere to part with 
its moisture by condensation, and hence the rainfall occurs on 
the lee. side of the mountains. Thcj rainfall over the whole 
globe varies in different localities from zero to 28 feet per 
annum. 

In addition to the foregoing considerations, if tho water- 
supply of a town is to bo entirely dependent upon a storage re- 
servoir, it will be necessary to determine its loss by absorption 
and evaporation, and then to proportion its area accordingly. 
The average anneal loss by evaporation in tlic temperate zone, 
with a mean temperature of 52*25'^, is 36'5 inches. In South 
America, with a mean temperature of 81 '80“, it exceeds 100 
inches. Tho mean daily cvaporatio:i in Great Britain is loss 
than *1 inch. 

BJ(lual in impoi’tanco to proportioning the storage area to tho 
demand, is the consolidation of the embankment, so as to with- 
stand the prossm'o of water under every possible emergency. 
Ni either is it enough to dotermino what will bo the water- 
pressure, and to proportion the breadth and slope (batter) of 
the earth-work to the strain upon it ; tho character of tho 
material composing it is equally im])ortant, for above all things 
■liercohiiion must Z'C -prwentM. 'I'ho least iricldc may be the 
'Commoucemont of wide-spread desolation. It is not necessary 
-that the entire mas's of tlio Ijank should be impervious to water, 
but there must run throughout it an impenetrable layer. Well- 
puddled clay will answer the juirpoac, and tho most advan- 
tageous position of this layer is on tlio side of the bank ncH to 
tho water, its surface being protected from detrition by a closely 
packed layer of stones. Tho main body of earth lies upon tho 
reverse side of the puddled wall, its use being simply to act as 
a buttress or support; to it, all that is laid upon tho wator- 
rdd'.> becoming valueless as a support, since the water will pono- 
trato it. 

A regularly-rjonstructed irvtr or oscapo-pipc for tho overflow 
must bo provided, so as to prevent the water escaping over 
loose or removable soil, and if it be an oscapo-pipo or culvert it 
should iK^t pass Ibrourjh the i'*ank, as there is always a tendency 
to trickle along tho lino of pipe. A syphon passing over the 
bank may be employed with advantage, and may bo kept always 
full and ready for use by a valve at the base of tho longer leg. 

Having thus briefly coiisidorod tlie question of water-supply 
derived from a level above that of tho district to be supplied, 
we shall now consider how best to obtain and utilise it from a 
• level. 

There aro few towns in existence which have not a rivor or 
stream of some kind either passing through or very near them, 
and those would naturally appear to offer tho means of water- 
supply. But when wo remember that the same streams aro 
very generally the cliannola employed to convoy away tho 
sewage and refuse matter, the idea of using the water for drink- 
ing piyposes vanishes. It is, however, possible under certain 
conditions to render such water drinkable. Nature has pro- 
vided that the soil itsolf shall act as a filter and disinfectant 
to water passing through it; if, therefore, a reservoir be con- 
structed of a soil Ruitaldo for filtration, and tho impure waters 
be pumped itito it and allowed to filter through it into another 
receptacle, and the same process repeated through other reser- 
voms", the water may bo rendered fit for use. There is, of conr.se, 
a limit to this process of purification, for there are streams so 
highly contaminated and indeed poisoned by the infiltration of 
chemical and animal impurities that no amount of artificial 
nitration will make thoir water pure. The black, stinking 
streams which flow through our northern manufacturing towns 


are long past all recovery as affording drmkablo water. W« 
are not, however, dependent upon streams and rivers for an 
offioiont water-supply. Tho action of tho soil in puzifyliig 
water extends to tho rainfall, which, absorbed by the groand, 
passes downwards by graritation, and, being obtained from a 
considerable depth, is found to be highly suitable for tho use 
of man ; and hero we have tho great and never-consing water- 
supply, always and almost everywhere available, which Nature 
herself provides for us. 

We aro thus led to a brief consideration of wells. These aro 
various in oontruction. There is the m'dinary dug well, and 
the bored or Artesian well. 

Of ordinary dug wells there is tho shallow pit into which 
surface water drams ; such is little better tlian a cesspooly not 
deserving of the name of well, and yet thousands of our popn* 
lation aro wholly dependent upon such means for their wator- 
supply, tho use of which is a fruitful source of disease and death. 
Some of our most foarful epidemics may distinctly be traced to 
tho use of water derived from such a source. 

Tho construction of diwp wells is of very ancient date, Tho 
ancient wells of Cabnl are from 300 to 350 feet deep, and 
many of them are only 3 foot across. A dug w'oU at Tyro is 
i said to bo 3,780 feet deep. Jacob’s well at Samaria is 105 feet 
deep and 9 foot in diameter. Joseph’s well at Cairo is a won- 
derful piece of enginooring skill. It consists of two shafts, one 
above tho other, but not in tho same vertical line. Tho upper 
1 shaft is 1G5 foot deot), and 24 feet by 18 feet in tho opening. At 
tho bottom is a spachms chamber cut down into tho rock, which 
I servos as a reservoir for the water raised from the lower shaft, 

! which is 130 feet deep, and 15 feet by 9 foot in the opening. ' 
! This second shaft is sunk at the side of tho reservoir, and is 
reached from the surface by a spiral gallery out in the solid 
rook outside the upper shaft, tho gallery being pierced with 
loopholes opening into the shaft to afford light. By this gal- 
lery pass the men and mules which raise tho water from the 
lower shaft, and discharge it into the reservoir, whence it is 
raised to tho surface. The mode of raising the water is tho 
same in both the shafts, and consists of the ancient Eastern 
system of an endless hand of twisted grass passing over a large 
dram suspended over tho mouth of tho well, and lashed to which 
are earthen jars having their mouths all in tho same direction. 

1 The drum is caused to revolve by animal labour, and the jars 
I which descend empty como up filled, discharging their water into 
I a trough as they pass over the drum. 

The mode of construction of o’rdinary wells is as follows : — 
the soil is of a sandy or loose nature, the sides of the well must 
be protected by a lining or sicining, the most suitable materials 
for which aro timber, stone, brick, and iron. Timber, which 
should bo elm, may be employed as a preliminary support, or as 
a steiiiing in saline stnita, tho salt preventing its decay. Under 
! other circumstances timber is objectionable, as it is subject to 
I rot. If stone is emj>loyed, it should bo silicious. Brickwork is 
! the material most usually employed, but if tho water in the 
surrounding soil be impure, or if under considerable pressure, 
it is not suitable, as tho water will percolate. Tho use both of 
brick and stone is, in teot, rather to keep back the soil than the 
water. Of all materials iron is the boat by far for a steining. 
It is capable of bearing great strains and resisling groat pressure; 
water cannot pass through it, and it is not liable to decay. 

The atoining of wells, whether o!' I)rickw(»rk or of iron, is per- 
formed in sections. If of bricks, the earth is taken out to 
as groat a depth as is consistent with safety, and a “ curb,” or 
circular ring of jointed timber, is placed on the bottom, upon 
which is laid tho brickwork which is carried up to tlic surface. 
Tho curb is suspended by iron rods to oroaa-boams laid over tho 
mouth of tho shaft, and is capable of being lowered boddy with 
tho brickwork upon it when required. . The earth below the 
curb is now removed, and tho stcining is gi'adually lowered, 
more brickwork being added above. This process is thus con- 
tinued until, if t'le well is deep or the soil very loose, tlio fric- 
tion of tho caHii outside prevents tho steining sinking lower 
by its own weight ; it is then Hai<i to be “ earth-bound.” The^ 
excavation must now bo continued below the first curb, and a 
second section of brickwork laid upon a second curb must be 
commenced below tho npper piece, this being suspended inde- 
pendently of the first, and lowered in the same manner. Another 
, mode of proceeding is to leave a portion of earth below the first 
! curb to support it, and after a further excavation, tho diameter 



’228 


THE TECHNICAL EDUCATOR. 


of 'which is equal to that of the inside of the stcining, to insert 
a fresh curb at a certain dis'bance below the first, and gradnally 
xexnoving: the earth above it, “to 1111 in the space with superposed 
brickwork until the first curb is reached. When iron is em- 
ployed it is usually the cast motal, the stoining being cast 
either entire as a cylinder, or in sections. If the latter, the 
sections are cast with flanges pointing iu^'^ards^ by means of 
which they are bolted together, the joijits being made water- 
tight by iron cement. The outer surface of the cylinder is 
thus smooth, and it may bo driven down to a considerable 
depth before becoming earth-bound. The great advantage of 
a stcining through which water will not pero'^lato is that all 
surface aud impure watt^r is shut out from the well, and the 
water obtained only from the doep-soatod springs, which are 
nsually pure. 

The most useful well is the bored or Artesian well. Bored 
wells are of very ancient date. They are to be found in all 
parts of the world, and have existed in Egypt, China, and other 
Eastern countries from time immemorial. There is a well bored 
on this principle at the old convent of Chartreux, in the town 
of Lillier in Trance, which is said to have been executed as 
far bock as the year 112G. The rationale of the Artesian well 
is easily explained. Certain soils — such as sand, gravel, chalk 
— are absorbent, and permit water to pass through thorn ; 
others — such as clay, loams — are non-absorbent, and <lo not 
permit the water to pass througli them. Hence the rainfall is 
arrested in cei*taiii directions, and finds a free passage in others. 
But the tendency of water is to flow in all directions, and it 
will therefore move along horizontal strata if debarred from 
sinking lower by a clay formation. Water under these circum- 
stances may, and often does, find its way laterally beneath a bed 
of clay or rook, and if the clay or rock be perforated, the under- 
lying water will spring up, rising to a height equal to the 
height of water pressing ujjon it anywhere outside the clay. 
Suppose, then, a perforation bo made in the soil, passing through 
various strata, but coming at length to a clay or rook stratum, 
the probabilities are greatly in favour of water rising in the 
boro from below the clay, and frtsquontly to a height quite near 
'the surface. There are oven instancos of the water rising ahom 
the surface, and forming a perpetual fountain of the i)urost 
water. 

The mode of well-boring is simyile, although tedious and ex- 
pensive. The boring tool, which is of steel, is attached to an 
iron rod, to which a rotary motion ia imparted. As the depth 
of the bore increases, the rod ia lengthened by the addition of 
Buccossivo pieces attached one to the other by firmly-.sorewed 
joints. The shape of the V»oriiig tool varies with the kind of 
stratum it lias to coutoiid with. If it bo rock, the tool is 
shaped like a chisel, so as to cut and break the stone ; if clay, 
the tool is shaped like an augur, wliieh scoops it out. The 
broken soil has to bo brought to the surface by tools specially 
adapted for the work. The great loss of time lies in raising 
and lowering the tool, which has frequently 'to be done, and in 
recovering a broken tool, evoiy portion of which must bo re- 
moved before the work can procoeil. The Chinese adoi>t a 
system of “ jumping ” in boring for water. The rod i.s sus- 
pended by its upper end to a windlas.s placed some feet above 
the bore, and is frequently raised aud allowed to fall, a rotary 
motion being applied to the rod at the same time. The plan is 
very ofTcotual, but the tool suft'ers frequent fracture. 

Bored wells are only a few inches in diameter, and have in 
Certain strata to bo protected by iron stoining. The joints of 
ttie auocoBsivo sections of the tube are necessarily “ flush ” both 
inside aud out, the mode of uniting them being shown in Fig. 2, 
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«o as neither to prevent their sticking in the soil, nor yet to 
impede the action of the boring rod, nor tho subsequent flow of 
water. 

Tho supply of water obtainable from Artesian wells ia fre- 
quently enormous. \i Birkenhead, one such well, about 400 foot 
J^olds 2,000,000 gallons of go<^ water in twenty-four hours. 


Another at Kingston-on-Hull, which is sunk in chalk to a depth 
of 281 feet, and having a diameter of 18 inches for 210 feet of 
this depth, yields nearly 4,000,000 gallons in the same period. A 
well was commenced on Southampton Common some years since, 
and attained a depth — partly by digging, and partly by boring — 
of 1,317 feet from the surface, but water not being -thou obtained, 
it was abandoned. 

In all oases of water-supply for towns it is essential to provide 
reservoirs to meet any sudden demand for it which may arise 
from fire, etc., or to provide against injury to tho pumping 
machinery. The size of tho reservoir must depend entirely upon 
circumstances. 

The mode of disseminating the water over "the district to bo 
supplied must bo briefly noticed. At tho present day the water 
is conveyed in cast-iron i)ipc8, the diameter and thickness of 
which are proportioned to the demand likely at any time to arise, 
care being taken to allow a fair margin for increase of population. 
In the early days of tho Now Eiver Company, the water was 
conveyed in wooden troughs under tho streets. The Company 



possessed at one period 400 miles of this troughing, but tho 
leakage was so great — equal to one-fourth of tho original supply 
— owing to faulty joints, decay of material, and bursting after 
frost, that they 'were abandoned. 

The joints between tho pipes have to be made with great care 
to prevent leakage ; they arc made after tho pipes are bedded in 
their plaoo, and the ground must bo taken out at each joint to 
an extent to permit a man to pass entirely round it. Tho pipes 
are cast with ft lip at one end, and an enlargement at tho other, 
OB shown at Fig. 3, so that tho end of one fits into the enlargement 
of tho other, as soon at a h. Into the recess thus formcid, a flat 
plait of spun yarn is driven with a caulking chisel and mallet, 
a7id molted load ruji into the remaining space. The i)riiicipai 
artorios or pumjang mains are the largest and strongest, and 
have froquontly to boar a very great pressure. From those mains 
branch off pipes of lessor size and dimmished thickness, and 
from these again others rsmallor and thinner, and so on. The 
viilves which regulate the supply consist for tho most ]>art of a 
sliding plate of iron, fitting accurately in a vortical groove, and 
raised or lowered by a rod working in a stuffing-box. The 
pressure of tho water being thus at right angles to tho piano of 
moveinout, it exerts a comparatively small influence upon it, 
whilst tho surface of friction is greatly less than in an ordinary 
taj). A throttle or balance valve could not bo rendered water- 
tight. 

Wlion tho reservoir stands upon the same or a lower level than 
tho system of pipes through wliich the water has to pas.s, gi-eat 
-care is nooossary to render tho flow in them equable. The action 
of the pumping-engino being intermittent, tho flow of water 
would be reduced to a series of impulses, by which groat strain 
would bo thrown upon tho machinery, without some means of 
keeping up tho forward motion of tho column of water between 
each stroke of tho ojigino. There are two methods of doing this, 
by fixing either a vertical stand-pipe or an air-chamber over 
the main immediately in front of the pump. Tho action of tho 
pump impels a certain quantity of water forward into the main, 
but the vis inertice of the mass of water opposes a certain amount 
of rosiatanco to this effort, and some therefore rises into tho 
stand-pipe — which ia open at the top — or into tho inverted air- 
chamber. In tho case of the stand-pipe, the column of water 
takes up tho force, which for a moment the engine has ceased 
to apply, and continues 'to urge forward the water in tho main. 
In that of 'tho air-chamber — which is simply a large and strong 
iron cylinder closed at the top, and communicating below with 
tho main — tho water ia forced by tho engine partly into the 
main, and partly into tho ali'-ohambor, thereby compressing the 
air, which, directly the pump stops, acts by its elasticity upon 
tho water it contains, and thus continues its forward motion in 
the main. 
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PEINCIPLES OF DESIGN.— VII. 

By Christopher Dresser, Ph.D., F.L.S., etc. 

HA.ItMONIE8 AND CONTRASTS OP COLOUR {coilthiUed), 

Continuing our studies in colour-harmony, it must be noticed 
that while colours harmonise in the proportions stated, the 
areas may vary if there be a correaponding alteration in in- 
tensity. Thus eight of blue and eight of orange form a perfect 
harmony when both colours are of prismatic intensity ; but wo 
shall still have a perfect harmony if the orange is diluted to 
one-half its strength with white, and thus formed into a tint, 
provided there bo sixteen parts of this orange of half strength 
to the eight parts of blue of full strength. 

The orange might be further diluted to one-third of its full 
power, but then twenty-four parts would be necessary to a 
perfect liarmony with eight parts of prismatic blue ; or to one- 
fourth of its strength, when thirty-two parts would bo neces- 
aary to the harmony. 

It is not desirable that I occupy space with diagrams of 
these quantities, but the industrious student will prepare them 
for liimself, and will strive to realise a true half-tint, quarter- 
tint, etc., which is not a very easy thing to do. By practice, 
however, it will readily bo accomplished, and anything achieved 
is a now power gained. 

What I have said respecting the harmony of blue with tints 
of orange will apply in all similar cases. Thus red will har- 
monise with tints of green, provided the area of the tint bo 
inoroased as the intensity is decreased ; and so will yellow har- 
monise with tints of purple under similar conditions. 

But we may reverse the conditions, and lower the primary to 
a tint, retaining the secondary in its intensity. Thus blue, if 
reduced to a half-tint, will harmonise with orange of prismatic 
intensity in the proportion of sixteen of blue to eight of orange; 
or, if reduced to a quarter-tint, in the proportion of thirty-two 
of blue to eight of orange. Kod, if reduced to a half-tint, will 
harmonise in the proiiortion of ton rod to eleven of green ; and 
yellow as a half-tint in the proportion of six yellow to thirteen 
of purple. 

The same remarks might bo made respecting the harmony of 
shades of colour with those of prismatic intensity. I’hus, if 
orange is diluted to a shade of half intensity with black, it will 
harmonise with pure blue in the proportion of sixteen of orange 
to eight of blue, and so on, just as in the case of tints ; and 
this principle applies to the harmony of all hues of colour also. 

To go one stop further : wo scarcely ever deal with imro 
colours or their shades or tints, or even come as near them as 
we can. With great intensity of colour we seem to require an 
ethereal character, such as wo have in those of light ; but our 
pigments are coar,se and earthy — they aro too real-looking, and 
are not ethereal — they may be said to be corporeal rather than 
spiritual in character. For this rea.son wo have to avoid the 
use of our purest pigments in such quantities as render their 
poverty of nature manife.st, and to use for largo surfaces such 
tints as, through their subtlety of composition, interest and 
please. A tint the composition of which is not apparent is 
always preferable to one of a more obvious formation. Thus 
wo are led to use tints which are subtly formed, and such as 
please by their newness and bewilder by the intricacy of forma- 
tion. 

To do what I hero mean it is not necessary that many pig- 
ments bo mixed together in. order to their formation. The oifect 
of which I speak can frequently bo got by two well-chosen 
pigments. ^’kRs a fine series of low-toned shades can bo pro- 
dueod by mixing together middle-chrome and brown-lake in 
various proportions, and in all of the shades thus formed the 
throe primary colours will be represented, but in some yellow 
predominate, and in others red ; while in many it will not 
be^ easy to disoovor to what proportionate extent the three 
primary colours are present. 

^t us suppose that we make a tint by adding white to 
cobalt blue. This blue contains a small amount of yellow, and 
la^a slightly green-bluo. But to this tint wo add a small amount 
or raw umber with the view of imparting a groyness* cr atmo- 
spheric character. Raw umber is a neutral colour, leaning 

* Cobalt, raw umber, and white make a maj^nifioent grey, both in 
^-eolonni in tempera (powder-colours mixed with gam-water) and in 
distemper (powder-colours mixed with size). 


slightly to yellow — ^that is, it consists of red, blue, and yellow, 
with a slight exooss of the latter. In order that an orange 
harmonise with this grey-blue of a slightly yellow tone, the 
orange must be slightly inclined to red, so as to neutralise the 
little green formed by the yellow in the blue. It may har- 
monise with the grey-blue as a pure tint if tlio area of the 
diluted and neutralised primary is svifficiontly extended, or may 
itself bo likewise reduced to a tint of the same depth, when 
both tints would have, in this instance, the same area. 

I might go on multiplying cases of this character to almost 
any extent, but these I must leave the student to work out far 
himself, and must pass on to notice that while it is desirable to 
use subtle tints (often called “broken tints*’), it is rarely 
expedient to make up the full harmony by a largo area of a 
tertiary tone and a single positive colour. Thus, we might havo 
a shade or a tint of citrine spreading over a largo aurfaoo as a 
ground on which wo wished to place a figure. This figure would 
harmonise in pure purple were it of a certain size, and yet if thus 
coloured it would give a somewhat common-place effect when 
finished, for the harmony would be too simple and obvious. It 
would be much better to have the nineteen parts of citrine 
reduced, say, to half intensity, when the area would be in- 
creased to thirty-eight, with the figure of eight parts of blue 
and five of red, than of thirteen parts of purple. 

But it would bo bettor still if there were the thirty-eight 
parts of reduced citrine, three parts of pure yellow, thirteen of 
purple, five of rod, and eight of blue, together with white, 
black, or gold, or all throe (these may be added without altering 
the conditions, as all act as neutrals), for hero the harmony is 
of a more subtle chamoter. 

If we count up the equivalents of tlie colours employed in 
this scheme of harmony, wo shall boo that we havo, in the 
citrine — 

Yellow fi (two oqnivulouts). 

Blue 8 (one miiiivulcMt). 

Red ...... 5 (oue ecpiivuloj t). 

In the purple — 

Blue 8 (one equivalent). 

Bed 5 (one equivalent). 

Of the pure colours — 

Yellow .3 (ono equivalent pure), 

Kod (one equivalent pure). 

Blue 8 (oue equivalent pure). 

Thus wo have throe equivalents of each primary, which gin^ 
a perfect harmony. 

I must not say more respecting the laws of harmony, for tho 
space at my disposal will not allow of my so doing, but must 
j»roceed to notice certain effects or properties of colours, which 
I have as yet only alluded to, or havo passed altogether un- 
noticed. 

I havo said that black, white, and gold are neutral as regards 
colour. This is the case, although many would suppose that 
gold was a yellow. Gold will act as a yellow, but it is generally 
employed as a neutral in decorative work, and it is more of a 
neutral than a yellow, for both red and bine exist largely in it. 
Tho pictorial artist frames his picture with gold because it, 
being a neutral, does not interfere with tho tints of his work. 
It has the further advantage of being rich and costly in appear- 
ance, and thus of giving an impression of worth whore it exists. 

Black, white, and gold, being neutral, may bo advantageously 
employed to separate colours where a separation is ueoossary. 

Yellow and purple harmonise, but yellow is a light colour and 
purple is dark. Those colours not only harmonise, but also 
contrast as to depth, tho ono being light and tho other dark. 
Tho limit of each colour, wherever tlieso are used in juxtaposi- 
tion, is therefore obvious. 

It is not so with red and green, for these harmonise when of 
the same depth. This being the case, and rod being a glowing 
colour, if a red object is painted on a groon ground, or a green 
object on a rod .ground, the “ figure " and ground will appear to 
“swim” together, and will produce a dazzling effect. Colour 
must assist form, and not confuse it. It will do this in tho 
instance just named if tho figure is outlined with black, white, 
or gold, and there will be no loss of harmony. But experience 
has shown that this effect can also be averted by outlining tho 
figure vrith a lighter tint of its own colour. Thus, if the figure 
is red and the ground green, an outline of fighter red (pink) 
may be employed. (See Proposition 20.) 
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A blue fignro on a red ground (an ultramarin© on carmine), 
<KraTod figure on a blue ground, will also produce this swimming 
and unsa^foctory effect, but this is again obviated by an out- 
^ lino of black, white, or gold. 

Employing the outline lhui=; must not be regarded os a means 
of niorcily rtijndcring what was actually unpioaBant endurable, 
for ifc does much more — it indeed afi'ords one of the richest 
means of effect. A carmine ground well covered with bold 
green ornaiuont having a gold outline is, if well managed, truly 
gorgeous ; and wore tho figure blue on the red ground, the 
lavish use of gohl would rcmbjr tho omployinent of yellow 
unnocoHsary, as tho slight prrdominaiKJo oi tliis primary in tho , 
metal would, togethor with tho yellow formed in tlio eye and 
cast upon tho gold, satisfy all roouiromonts. 

It is a curious fact that tho oyu will create any colour of 
which there is a deficiency. This it will do, but tho colour so 
croattxl is of little use Uj the composition uules.s white or gold 
are present ; if, however, there l )0 white or gold in the comi)osi- 
tion, th(3 colour which is absent, or is inRuflitucntly represented, 
will 1)6 formed in tho eye and cast upon these neutrals, and the 
white or tho gold, os the case may will assume tho tint of 
tho deficient or absent colour, Propositions 8 and 9.) 

"Whilo this occurs (and sometimes it occurs to a marked 
degree, as can bo shown by experiment), it must not be cup- 
posed that a composition in wliicdi any element is wanting is as 
perfect as one which reveals no want. It is far otherwise ; only 
ISfaturo here comns to our assistanco, and is content to help 
herself rather than endure our shortcomings; but in tho ono 
case we givo Nature tho labour of completing tho harmony; 
while in the other, all being pi*epared, we receive a sense of 
satisfaction and repose. 

In Proposition 8 wc‘ show that when blue and black are 
juxtaposed tho black becomes “rusty,'* or assumes an orango 
tint ; and in Proposithni 0 we givo tho cause of this effect. 
Xict a blue spot bo placed on a black silk necktie, and however 
black tho silk, it will yet appear rusty. Tliis is u. fiu;t : but wo 
aomotimes desire to employ blue on black, and wish the black to 
look black, and not an orange-black. How can we do this P 
Obviously by substituting for the bla'.*k a very dark blue, as 
indigo, 

lio bright blue spot induces orango (the complement of blue) 
in tho eye. P’his omnge, when cast upon bla(dc, ciuisos tho 
latter to look “rusty but if wo place in the black an amount 
of blue sufficient to neiitrali«e tho orange cast upon it, the effect 
will bo that of a jet black. 

We have now considered those qualities of colour, and those 
laws of contrast and luirmony, which may be said to be of tho 
grosser sort ; but wo have scarcely touched on tlioso considora- 
'tiuns wliich pcrbiin to special refinement or tenderness of effect. 
But lot me cdose this part of my subject by repeating a state- 
ment already made — a statement, lot me say, which first led mo 
to perceive really harmony of colour — that those, colours, and 
those particular hues of colour, irhich improve each other to the 
^inost, are those which perfectly harmonise. (Consider this 
atatemont in connection with Propositions 8, 9, 10, and M.) 

We come now to consider delicacifis and refinements in colour 
effects, which, although dependent upon tho skilful exercise of 
the lawB enunciated, are yet of a cljaracter tho power to pro- 
duce which only results from the consideration of the works of 
tho mastors of great art nations ; but of these effects I can say 
little beyond that of pointing out what should bo studied. 

/ This principle I cannot pass without notice — namely, that 
' the finest colour effects are those of a rich, mingled, bloomy 
character. 

Imagine a luxuriant garden, the beds in which are filled with 
a thousand ilowers, having all the colours of the rainbow, and 
imagine tlioso arranged as closely together as will permit of 
tlioir growth. When viewed from a distance tho effect is soft 
and rich, and full and varied, and is all that is pleasant. This 
is Nature’s colouring. It is our work humbly to strive at pro- 
ducing like beauty with her. 

This leads mo to notice that primary colours (and secondary 
colours, also, when of groat intensity) should be used chiefly in 
small masses, together with gold, white, or blaA'k. 

Visit the Indian Museum at South Kensington,^ and consider 
the beautifol Indian shawls and scarves and table-covers ; or, 


* This Museum was formerly at WhitehalL 


if unable to do so, look in the windows of our large drapers in 
tho chief towns, and see the true Indian fabrics,* and observe 
the manner in which small portions of intense reds, blue?, 
yellows, greens, and a score of tertiary tints, are combinc<l 
witli white and black and gold to produce a very miracle oi 
bloom. 1 know of nothing in the way of colour combination 
80 rich, so beautiful, so gorgeous, and yet so soft, as some of 
tbeso Indian shawls. 

It is curious that wo never find a purely Indian work other- 
wise than in good taste as regards colour harmony. Their 
works, in this respect — wlicthor carpets, or sliawls, or dress 
materials, or lacquered boxes, or onaiiiclled weapons — ^aro almost 
perfect — perfect in harmony, perfect in richness, perfect in the 
softness of their general effect. How strangely these works 
contrast with ours, where an harmonious work iu colours is 
scarcely ever seen. 

By the co-mingling (not co-mixing) of colours in the manner 
just described, a rich and bloomy effect can be got, having the 
general tone of a tertiary colour of any desired liuo. TTiup, if 
a wall bo covered with little ornament^ flowerets, by colouring 
all alike, and letting each contain two parf.8 of yellow and one 
part of blue and ono of red, tho distant hue will bo that of 
citrine : the same effect vvill result if the flowers are coloured 
variously, avHIo the same jiroportioiis of the primaries are 
served throughout. I can conceive of no dceorativo effects 
more subtle, rich, and lovely than those of whioli 1 now speak. 

Imagine three rooms, all coniiocted by open archways, and 
all decorated with a thousand flower-liko oniamciits, and these- 
so coloured, in this mingled manner, that in one room blue 
predominates, in another red, and in another yellow ; wo shf>uhl 
then have a beautiful tertiary bloom in each — a subtle mingling 
of colour, an exquisite delicacy and rofiniimont of treatment, a 
fulness such as always results from a rich mingling of hues, 
and an amount of detail which would intcrost when closely 
inspected ; besides which, we should have the harmony of the 
general effotd of the three rooms, the ono appearing as olive, 
another as citrine, and the other as russet. 

Tills mode of decoration has tho advantage that it not only 
gives richness and beauty, but it also gives purity. If pigments 
are mixed together they are thereby reduced in intensity, as we 
have already seen ; but if placed side by side, when viewed from 
a distance the eye will mix tliem, but they will suiTer no dimim;- 
tion of brilliancy. 

With the view of cultivating the eye, Eastern works cantud 
bo too carefully studied. The Indian Museum should bo the 
homo of all those who can avail themselves of tho opportunity 
of study wliich it affords ; and tho small Indian dopartraent of 
tho South Kensington Museum should not bo neglected, small 
though it is.f Chinese works must also bo studied, for they 
likewise supply most valuable examples of colour harmony ; and 
although they do not present sucli a perfect colour-bloom as do 
the works of India, yet they are never inharmonious, and give 
cloarncss and filiarpncss, -together with great brilliancy, in a 
manner not attempted by the Indians. 

The best works of Chinese embroidery arc rarely seen in this 
country ; but th<L*so are unsurpassed by the productions of any 
other people. For richness, splendour, and purity of colour, to- 
gether with a delicious coolness, I know of nothing to equal them. 

Tho works of the Japanese aro not to be overlooked, for in 
certain branches of art they are inimitable, and as coionrists 
they are almost perfect. On tiio commonest of their lacquer 
trays wo generally have a bit of good colouring, and their 
coloured pictures are sometimes marvels of liarmony. 

As to the stylos of colouring adopted by tho nations referred 
to, I should say that tho ludians produce rich, mingled, bloomy, 
warm effects — that is, effects in which red and yellow ])revail ; 
that tho Chinese achieve clearness, repose, and coolness — a form 


• These will only be seen in very flrst-clnss shops, 
t It may not be generally known, but nearly all our large manu- 
facturing towns have, in connection with the chamber of coinmorce, u 
collection of Indian fabrics, lUling several large volumes, which were 
prepared, at the expense of Government, under the superintendence of 
Dr. Forlws Watson, and which were given to the various towns on tho 
condition that they be acccsKiblo to all persons who are tnistworthy. 
Although these collections do not embrace the costly-decoratod fabrics, 
yet much can he learned from them, and tho combinations of colour 
are always harmonious. A muoh larger collection is now in course of 
formation. 
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of coionrinpf in which blue and white prevail; and that the 
Japanese e^ota ore warm, simple, and quiet. 

Besides studying the works of India, China, and Jai)an, study 
those also of Turkey, and even those of Algeria, for hero the 
colouring :.i much better than with us, althougli not so good 
as in the countries first named. No aid to j^rogress must be 
neglected, and no help must be despised. 

The South Kensington Museum has a very interesting collec- 
tion of art- work 8 from China and Japan; but the latter are 
chiefly lent. It is a strange thing that the jierfect works of 
the East are so poorly illustrated in this national collccttion, 
while costly, yea, very costly works of inferior character, illus- 
trative of Bcuaissance art, swarm aa thickly as flies in August. 
This can only be accounted for by the fact that the heads of 
the institution have a feeling for pictorial rather than decorative 
art, and the Renaissance ornament is that which has most of the 
l>iotorial elements. To mo, the stylo appears tt) owe its very 
weakness to this fact, for decorative art should bo wholly ideal. 
l*«3torial art is of necessity more or less imitative. 

With the view of refining the judgment further in roapoot to 
colour, got a good colour-top,# and study its beautiful orfccts. 
See also the “gas tubes “ illuminated by electricity, as sold in the 
opticians’ shops, and let the prism yield you daily iiistruction. 
Soap-bubbles may also be blown, and the beautiful <’:olours secTi 
in them carefully noted. These and any other available jneans 
of cultivating the oye should constantly bo resorted to, ns by 
such means only can wo become great colourists. 

As to works on colour, wo have the writings of KielJ, to 
whom wo are indebted for valuable discoveries ; of Ha^', the 
decorator and friend of the late David Roberts, but some of his 
ideas are wild and Utopian ; of Ohovroul, whoso work will be 
most useful to the studoiit ; and the small catechism of colour 
by Mr. Redgrave, of the iSouth Kensington Museum, which is 
excellent. The student will also do well to carefully >^tudy 
the scientific articles on “Colour” by Professor Church in this 
work. 


TECHNICAL DHAWING.— XY. 

DRAWING FOE MACHINISTS ANT) ENGINEERS. 

Thk purpose of this portion of our lessoiiH in “ Technical Draw- 
f” is to give engineers and machinists a aeries of less vris in 
those branohes of drawing which arc connected with thedr w'ork. 
The system laid down is olementarj", but every eiidoavonr has 
been made to render the instruction thorough, as far as it 
goes. 

It is not long ago since the study of mechanical drawing was 
supposed to consist in simply copying drawings of machinery, 
by accurate measurement and in very fine lines. This idea has 
now happily exploded, but the necessity for books wliich shouhl 
show an artisan, first, what he ought to learn, and thou uow to 
acquire such knowledge, has boon deeply felt 

It is as a contribution towards the accomplishment of this 
purpose that the present course of lessons is init forth, in the 
tjarnest hope of aiding artisans to mount a step or two higher 
on the ladder of improvement. 

Each part of this course of Technical lessons is, as f:ir as 
}iossible, complete in itself; but as a knowledge of practicral 
goomctiy and projection should underlie all instruction in 
mechanical drawing, the student is advised to road the lessons 
on “ Practical Geometry applied to Linear Drawing ” and “ Pro- 
jection,” either prior to, or simultaneously with this ; ho will 
then be able to proceed with the advanced lessons in which 
the special application of those studios is shown. 

Pree-hond drawing of a character adapted to tlio wants of 
machinists, drawing from objects, and isomotrical projection 
form the subjects of the various sections, and several initiatory 
lessons in drawing from rough sketches will be introduced, these 
lessons being followed with a scries of drawings of modern 
machinery and a few simple hints on the method of colouring 
mechanical drawings. The examples throughout will bo of an 
eminently useful description. 

Not the so-called colour or chameleon top, but the more scientific 
oy procurable of opticians, together with the perforated discs oi 
Mr. John Graham, of Tunbridge, Kent. 


These lessons have been prepared with the greatest care, and 
are based on the result of long and varied experience in teaching 
the subject. The lessons will therefore be found thoroughly 
practical, whilst the information given as to the history and 
principles of action of the different pieces of mechanism cannot 
foil to prove interesting to students. 

Wo cannot close our preliminary remarks without thanking 
the eminent engineers and machinists who have so kindly sent 
UR contributions of drawings and information ; had the limits of 
our lessons permitted, wo should have gladly availed ourselves 
of their liberality to a greater extent than it will be found wo 
have done. Their willingness to assist in the education of work- 
men shows the improved spirit of employers towards employed 
which is one of the most glorious features of the ago wo live in. 

MECHANIOAn DItAWING GENERALLY. 

The figures given in “ Practical Geometry applied to Linear 
Drawing,” and their application in “ T’rojoction,” will have 
shown the Ktudeiit the importance of absolute accuracy tuid 
rofinemeiit in mechanical drawing; and as the aim of this part 
of our lessons i.s to carry the subject to a higher sttige, the 
necessity for perfect correctness of delineation will, us the 
studies advance, })ccomo more and more evident. 

The first lessons aro therefore designed for the purpose of 
offering manual practice, bo as to give tho student, not only 
tlm power of measuring accurately, but of drawing Ins liiu’s 
exactly where he knows they ought to bo ; for, strange as it 
may seem to some, it is not so easy to draw lines which shall 
pass exactly tlirougli required points, or which shall bo absolutely 
parallel to each other, as might bo supposed, oven though tho 
student is furnished with rule, square, and compasses. It is 
hoped, however, that tho practice afforded by the examples 
given in those lessons, and the hints aocomp.anying thorn, may 
show tho learner tho obstacles with which ho is likely to meet, 
and enable him to overcome them. 

Wo are awai'e that wo are addressing a body of youths and 
j men whose work is such as to causo thorn to bo “ hoavy-handed,” 
i and that tho hands accustomed to wield tho hammer Jind tile 
I with such effoot as to toll U}>on tho metal which has become 
j more practically useful than gold, will find difficulty at first in 
I leaning so lightly on their dividers that their delicate points 
.shall barely mark tho paper, yot we have known hammermen 
, who in their earliest lessons cruslicd tho very pointK of their 
I poncils, bccomo with practice exx)crt and rofined draughtsmen. 

I Wo are conseioiis, too, that we aro writing for those who have 
j boon engaged for several hours in severe toil, whose occupation 
j has not admitted of its being exorcised in tho open air, or oven 
; in airy ax)artment8, as might bo the case in many other walks 
1 of industry, but whoso labour has boon carried on for tho most 
! ]»art in nocessarily heated workshops, under the lurid glare of 
j the forge-fire, amid tho din of steam-haminers, and tho thousand 
1 other noises inBCi)arablG from mechanical works. 

It might ho thought that from men so situated a sacrifice is 
demanded wlion they aro urged to attend evening classes, or 
, even to pursue liomo study when their day's work is over. We 
j do not think so. Wo cannot boKove tliat any man’s work is 
really done, until ho has made an effort, however small, to 
devoloj) those mental powers with which ho has been so morci- 
fuiiy endowed ; and he will find, too, that tho effect of tho in- 
formation ho gains will not be confined to tlio evenings, but that 
the knowledge he acquires will increase his interest in tho form 
and action of the machines amongst which ho is engaged, and 
his work will not only bo done better, but with greater pleasure 
than before. 

j The cxi)orienco of many years lias shown us that men who 
are desirous of working as intelligent beings, attend tho evening 
I classes with the greatest regularity, often bringing their sons 
to share the inatniction given ; and that many hours are spent 
at homo in working out tho lessons which have been received. 
In such practice these lessons will be found especially useful, 
and therefore practical hints are given so that tho student ma;* 
not bo delayed by not knowing “ how to go on.” 

Fig. 165 represents a drawing-board with T-squaro and set- 
square. The T-square should only be used for lines in one direc- 
tion ; for, unless the board be one which has recently been squai*ed, 
it cannot bo doi>ended upon, and the lines drawn by means of tho 
T-square, when guided by different sides of tho board, will noc 
generally bo found to be at right angles to each other. 
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Althouffli a few plain hints on linear drawing, and a plain 
description of some of the mathematical instruments mostly 
used, have boon given in our lessons on “Technical Drawing,’* 
some few of the remarks there given are repeated hero to avoid 
the trouble of reference, together with such additions as the 
subject of those lessons renders necessary. 

The best T-squares are those which havo the 
blade sorowod across the stock, which form (see 
I*ig. 165) admits of the set-square being moved 
freely along, in order to draw n line near the 
edge of the paper, whilst it w'ould bo obstructed 
by tho stock if the blade wore mortised into it. 

It is important that tho sot-square should 
be true whichever way it may bo worked, and 
this may bo tcste<l by drawing a lino against 
its edge when placed as at A (Fig. 1G5), and 
then turning it over as at B, bring its edge 
up to tho lino drawn ; then if another drawn 
against tho edge in its present position agrees 
perfectly with tho former one, tho square is 
true ; if not, it will require setting. 

Any working man or student will, with a 
little care, bo able to do this for liimsolf, by 
placing a sheet of very fine sand-paper on a 
perfectly flat surface, and rubbing tho edge of 
tho sot-square against it, keeping tlio square 
upright, and ]iros8ing a little heavier on tho 
part which requires “easing” than on the 
other. 

It may bo well, whilst speaking of this por- 
tion of tho subject, to advise you to rub off the 
angles of the edges of your B(iuaro. Wo do not 
moan that you should actually 
J/ovol thorn, but merely rub off 
enough of tho sharp edge to raise 
it almost imperceptibly above 
tho paper, when tho square is 
lying flat ; and wo recommend 
you to do this to all tho edges, 
for a purpose of which we shall 
toll you i)rosontly. 

Tlio T-squaro, then, being 
worked against tho left-hand 
edge of the drawing-board, will 
give all the horizontal lines, and 
oan bo moved higher or lower 
without laying down tho pencil 
or inking-pen. Tho linos perpon- 
dioular to tho others are drawn 
by means of tho sot- square, as 
shown in Fig. 165. Should it be 
required lengthen tho lino, it is only nocos- 
Hory to move the T-square downwards, keeping 
tho sot-squaro in its place against it. If these 
instructions are carefully followed, linos at 
right angles to each other will bo ensured. 

In ponoilling your work you will, as a general 
rule, And an Hb jicncil the best for the larger 
I)art8, and an ii for tho teeth of wheels and 
more minute portions. Ho careful not to press 
too heavily an your iionoil ; tho lines should bo 
BO lightly done that they oan, if required, bo 
easily rubbed out with india-rubber, without 
disturbing tho grain on tho surface of tho 
paper 

Bomembor ;mt, as a rule, mechanical draw- 
ings are not left in pencil, but that tho pencil- 
lines are merely drawn os guides for inking, 
little load os possible should bo deposited ou tho paper ; for as 
the nibs of the inking-pen are drawn over the linos they gather 
up the grit of tho load, whioh lodges between them, causing the 
line to become thick and irregular. When, therefore, the work 
is finished in pencil, it is advisable to pass the india-rubber 
lightly over the surface, by this means removing the loose par- 
ticles of lead without erasing the lines. 

Draw all pencil-lines past each other at right angles and in- 
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quirod point, which annoyance will be prevented by another 
pencil-line crossing at the exact spot at whioh you are to stop. 
If you have by mistake drawn a lino too long, do not scratch 
out the superfluous length until after you have coloured, as the 
roughened surface will cause the colour to run. For rubbing 
out an ink-lino, if not too thick, you will find 
ink-eraser, or very fine glass-paper (No. 1>, 
better than the knife, as it removes the surface 
of the paper more equally. 

Never use writing-ink in your mathematical 
instruments. Indian ink is sold in sticks, which 
may bo purchased at from twopence to a shil- 
ling each. This should bo rubbed in a small 
saucer, or slab, with a little water. You should 
put some in your pen to try on a slip of paper, 
in order that you may know if it is dark 
enough before you begin to work with it. A 
little indigo mbbed with the Indian ink darkens 
it, and removes the brown tinge. 

Drawing-boards of various kinds are sold; 
some are framed, some clamped, and some rab- 
beted. Tho different methods are all so many 
plans to sooure tho board against twisting and 
cracking; and yet all of them, however inge- 
nious, fail, if the wood is not well seasoned be- 
fore the board is made up ; so that wo advise 
you, if you are about having a drawing-board 
made, not to attend so much to tho make as to 
the stuff it is made of. Most machinists who 
are connected with largo works will have seen 
something of woodwork, and the cari)onters 
with whom they may bo associated will, no 

, doubt, give them tho benefit of 

their assistanoo in the matter. 

To persons not so situated we 
suggest, that it is safer to hwj a 
ready-made board, from a stook 
whioh has been some time in 
hand. They wDl then havo an 
opportunity of selecting such as 
are in some degree seasoned. 

For drawings such as tlio olo- 
montary studios in those lessons, 
Q or simple geometrical figures 
which are soon finished, it will 
bo sufficient to fasten tho paper 
down by moans of drawing-pins, 
wliioh may bo bought at one 
halfpenny each ; but if the draw- 
ing is likely to take some time, 
or is to bo coloured, it is best 
to “stretch** the paper. This is done as fol- 
lows : — Cut the shoot to a trifle smaller than 
your board, and turn uj) a margin about half 
an inch broad all round ; then lay the paper 
face downwards, and spread water over the 
surface (tho back of the sheet) with a sponge ; 
allow tho water to soak in for a minute or two, 
but keep tho surface equally moist all over; 
raise the paper by its edges, turn it over, so 
that tho wot side may rest on the board, and 
apply strong paste to the tumed-up edges ; rub 
these down, and in doing so draw tho paper 
outward. It is a good plan to burnish the 
margin well with the handle of your penknife, 
by which moans you press tho air out, and 
make sure that the paper is properly pasted 
Therefore as 1 down, Tho board must then be plncod horizontally to dry. If, 
when nearly dry, one or two largo blisters remain whioh do not 
seem to deorease, priok a small hole or two in them with 


Fig. 165. 
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Fig. 169. 


needle to let out the air, whioh will, in most cases, remedy the 
evil ; if not, pass the sponge over the whole face of the paper, 
moistening it especially towards the outer part. It is advisable 
to operate upon a small sheet at first, uutU the “knack *’ of 
stretching is acquired. 

The size of the paper most generally used by students is 
tersections ; for as the edge of tho rule partly obstructs your j called “ imperial.** This has been fixed as the size for the 
view of tho line when inking, you are liable to pass over the re- j competitive drawings sent to the Government Department of 
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Science and Art, and is fonnd the most convenient for genera! 
purposes. It is, therefore, advisable to have your drawing- 
board made of tho same size as the paper, thus avoiding waste. 
The whole sheet is 30 in. x 22 in. You will find it enough for 
tho present to use the half sheet, the size of which will bo 22 
in. X 15 in. Tour board should be a trifle larger all round. 


Fig. 1C7. 

LINEAR DRAWING BT MEANS OF INSTRUMENTS. 

Fig. ICG. — Tho object in this lesson is to give practice in 
ruling straight lines at equal distances apart, and of tho same 
length and thickness. 

Draw a light line at tho top and another at the bottom. 
Those linos are to be ruled by tho aid of tho T-squaro, worked 
against tho left-hand edge of tho drawing-board. 

Take tho distance between the lines A b in your dividers, and 


Be careful that you incline your pencil so that its point is 
guided by tho sot- square all along ; otherwise your lines will 
not bo upright. 

When properly pencilled, dust off the lead on the surface 
with india-rubber, and then ink your work as already directed. 

Hold your draw-pea as upright as possible, leaning your first 



Fig. 168. 


finger on tho head of tho screw. If you slant the pen only one 
of its nibs will touch the paper, then the edge of your line will 
: be ragged. 

I Before inking, rule a few lines on another piece of paper to 
I try if your draw-pen is ns open as is required to give tho proper 
thickness of lino, or if tho ink is of tho right colour, etc. You 
will find this little precaution will somotimos prevent great 
{ annoyance, and often save a drawing from being spoiled. 



set it off as many times along tho bottom lino as may be re- 
quired. 

(The dividers are tho smallor-sized compasses without the 
pencil or pen legs. If you have not one of these, you must use 
your compass, taking care to insert the steel leg instead of that 
which holds a pencil.) 

Having, then, set off from A the lengths b, c, d, e, f, g, keep 
the blade of your T-square horizontal, but moved a trifle lower 
down. Place your set-square against it, as shown in Fig. 165, 
and draw perpendiculars from the points marked. 



Fig. 167. —This figure will afford practice in dividing a 
square into several smaller ones. The study of linear drawing 
will have shown the geometrical method of constructing tho 
original figure and of dividing lines ; it is therefore only neces- 
sary here to advise you in drawing the square in pencil to carry 
the sides beyond the angles, which enables you when inking, 
and your rule covers tho figure, to know the exact point at 
which to stop. This is important, for if you do not draw your 
ink-line quite long enough, you will have the trouble of “ i>iocing** 
it, which is always difficult, but especially so if tho line be fine ; 
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and if too long:, you will have to erase the superfluous length, 
wliich causes aiinoyanco and trouble, and in doing which the 
angle of the scuaro is oftt?n damaged. 

Fig. 168 is an exercise in the accurate urso of the set^squaro 
of ih- 

Having flrawn the base (a), and one other side of the square 
(as b) at right angles to it, i>laco the sot-squaro of 45® so that 
its hypothenuse* may enter the right angle o ; draw the line 
which will subsequently become one of the diagonals. Now from 
the extremities of the two sides of the square draw lines for 
the other two sidcK, and these should meet at i), on the line c. 
If this is not the case, the lines are not at right angles to each 
other, or there is some other inaccuracy, and you had bettor rub 
your worh out, to avoid being compelled to do so when further 
advanced. 

Having now <lrawn the square and one diagonal, draw the 
other. This must also be done with the set-square, for if your 
figure be accurate, the set-square placed against the one angle 
shouM give a lino direct to the other. Divide the base into the 
required number of etiual parts, and moviTjg tho set-square 
along tho T-squaro, draw tho linos across in each diroetion. 

The utmost care is necessary in doing this, for it must be 
IK)inted out that it is only required to mark tlio division on the 
base, since the lines drawn from these sliould give the points in 
the sides. 'Tims tho line drawn from E will give the point o, 
and if the work be correctly done tho hypothenuso of the set- 
square when reversed should give f n and tlio other lines j 


they are considered best when plucked from the living birA 
and this cruel operation is repeated from three to five times in a 
year. Young birds are plucked as well as those of mature 
growth — the early plucking being supposed to favour the growth 
of tho feathers. The less valuable kinds of feathers, obtained 
from turkeys, ducks, and fowls, are also used for bod-stuffiug, 
and are called “ poultry feathers.” 

Mdizr Duck (Anas mollissima ). — This bird furnishes the 
softest, finest, and most valuable down-feathers that are in tho 
market. Eider-down is procured from tho nest of this bird, 
which robs its own breast of feathers in order to Tnako a warm 
home for its young. Tho eider ducks build their nests in gimt. 
numbers, ni almost inaocossiblo rocky situations on the coasts of 
Ireland, Scotland, the Faroe Islands, Lapland, Nova Zomhla, 
and Spitzbergeii ; and those nests are, at great risk of life, 
annually plundered of their down by the fowlers. Eider-down 
comes to this country in the form of balls, about tho size of 
a man’s fist, and weighing three or four pounds. It is so fine 
and soft, that if one of these balls is spread and warmo<l over 
hot coal.y, it will expand and fill a bed big enough for two 
persons. Eider-down is only used as a covering for beds, and 
never shouhl V)o slept upon, as it thereby loses its elasticity, 

I In 1886 there wore imported into Great Britain from foreign 
countries and British possessions 30,348 cwts. of bed-feathers, 

! valued at .£101,639. Tho importation of feathers for orna- 
mental purposes from all parts of the world amounted, in tho 
same year, to 689,339-/^ lbs., valued at £‘1,287,595. 


parallel to it. I 

Fig. 169 shows the mode of drawing lines to indicate that 
tho drawing represemts a section or cutting, and is another I 
example of the use of the set-square, these lines being drawn at | 
45®. Caro is neccHsary in keeping them all tho same distance j 
apart, and of the same thickness. The lines which on the right- j 
hand side are thicker than those on the left are called shade 
lines. They indicate that a square optni tube is r(*prosonted, 
and that tho light is proceeding from tho left side. If it wore 
intended to show that the walls of tho tube are cut through, 
and that the space they eneloso is filled up by a flat board not 
cut tlirough, tho linos A and b would bo drawn of tho same 
thiekneas as the other two. 

Fig. 170 is ail application of Fig. 168, and represents an iron 
grating. To draw this figure, i)r()coed as in Fig. 168, working 
all the crossing lines in dots or very finely, <.)n each side of 
the intersections sot off half tho width of the liars, as shown at 
a, h, c, d, and tlirough those points, by moans of tlie sot-square, I 
draw the necessary lines, all of which must be parallel to those 
previously drawn. Tho rest of tho subject will now bo easily | 
completed without further instructions. ' 

Fig. 171 is another ai)plicatioii of tlic sumo study. Having | 
<lrawn tlie original fine linos crossing tho square, set off half the ] 
thickness of the bars as shown at a, If), r, d in the previous 
figure. From tho same points mark off the semi -diagonal of 
tho square which is to bo drawn at each intersection — viz., c, /, 
f,*, h. It will bo soon that one square will gui<lo those of two 
lines at right angles to each other ; thus c li, and ;// produced 
will give the horizontal linos of all the squares on tho same line, 
whilst c fj and 76/ will give tho pcrpcndic.ulars of all the s(jiiares 
above and below the square c g f h. If this plan ]>o pursued, 
instead of measuring each square Hcparately, much timo will 
be saved. 


QI'ILL PENS. 

Tho earliest x>ens. such as were used for writing on papyrus 
with a fluid ink, were made of roed.s. Iteed jicns are still in use 
in Arabia, as they suit the Arabic character better than <juill 
I)enR. These reeds are collected near tho shores of the Persian 
Gulf, whence they are sent to various jiarts of tho East. Quill 
pens arc chiefly supi)lied by the goose, swan, and crow--- -the 
ostrich, turkey, and other birds occasionally contributing. 
(Vow quills are usually employed in fine drawings, on account 
of the fine point to which they can be brought. Goose quills 
are employed for ordinary writing ; hut swan and turkey quills, 

[ being larger, are preferable for copying. 

I 'I’wo jirincipal sorts of quills are known in commerce — viz., 

! Dutch quills, which are transparent and glass-like ; and Ham- 
burg quills, which are milk-white and clouded. Di^ch <iuill8 
arc much esteemed ; tho Dutch wore the first to find out the art 
of ])rei)aring quills for market, by removing the oil which im- 
l>rcgnatos them, and x)rovents tho ink from flowing freely along 
tho pen. Quills are obtained in the greatest quantities from 
the countries along tho Baltic ; Hamburg is still tho principal 
xdaco for preparing and exporting them. Next to tho Ham- 
burg and Dutch quills, those of Riga are much liked, especiaHy 
in England. 

Tho manufacture of steel pens does not appear to have had 
any very considerable effect on the demand for quills, though 
tho latter are not bo largely employed as they were once. The 
quills used are tho five outer feathers of tho wing, which 
are classified according to tho order in which they are fixed in 
tho wing, tho second and third being tho best. With proper 
! management, a goose may afford twenty quills during the 
! year. 

i In tho fens of Lincolnshire, geese are kei^t in largo numberu. 


ANIMAL COMMERCIAL PRODUCm 

riiODUCTS OF THE CLASS AVES ' ' 


* During the breeding season tliey are lodged around tho ownerV 
: house. A goosehord, it is said, cjin distinguish every goose ^ 
I the flock by the tones of its voie.e. 


BKD-PKATHERS. 


PRODUCTS OF THE CLASS REPTILIA 


I'HE lower barbs in feathers are usually loose, and form the 
down, which is called the “ accessory plume.” Tho quantity 
of this down varies in different sijocies of birds, and even in tho 
feathers taken from different portions of tlio body of the same 
bird. It is most abundant on aqnatic birds, and as the value 
of bed-feathers depends on its amount, tho feathers of ducks, 
swans, and geese -which have tlio “accessory plume’* nearly 
as large as tho foather™"are the most esteemed. 

The qualities sought for in bed-feathers — softness, elasticity, 
lightness, and warmth — are combined in common goose feathers ; 

. The longest aide of a right-angled triangle. 


Repiilia (Latin, reptilia, from repto,! creep). — Cold-blooded, 
vertobrated animals, having a heart so constructed os to tnins- 
mit only a portion of tho blood to the lungs. Tho blood is 
therefore imperfectly oxygenated, and there is a lower degree 
of heat. The amount of venous blood, however, trans- 

mitted to the general system varies in tho different reptiles, 
and in proportion as there is less or more of it, is there a corre- 
sponding difference in their temperature and vital activity. 

As reptiles have no need of preserving a temperature many 
degrees warmer than that of the medium in which they live, 
thqy are covered with scales, or hard bony plates, and without 
the worm clothing of the birds and mammidm. 
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The class Roptilia is divided into four orders, viz. :■ - 

1. Chelomia (Greek, cheJonc^ a tortoise), whieli are character- 
ised by the enclosure of the body in a double shield or sholl, 
ont of which extend the head, tail, and four extremities. 
I'lxamidca : tortoise and turtle. 

2. Laceriilia^ or Sauria (lizards), having the body and tail 
elongated, the jaws furnished with teeth, the skin covered with 
scales, and the feet generally font in number. Examples : green 
lizard and blind- worm. 

3. iJrocodilia, include the alligators of America, the true 
crocodiles of Africa, and the gavials of Asia. Gigantic lizards, 
covered with closely-set bony plates. 

4. Ophidia (Greek, ophis^ a serpent), which are distinguished 
by the absence of the extremities, as in the snake. 

The Chelonia are commercially the most valuable of the 
above orders, as wo derive from them two important articles — ■ 
turtle soui) and tortoise-shell — the former the greatest luxury of 
tho table, and the latter the most prized of horny materials. 

Green Turtle {Chelonia 'my das ). — This is one of tho largest 
of the genus, often measuring live feet in length, and weighing 
between 500 and 600 pounds. It receives its name from the 
green colour of its fat. Its flesh is much esteemed, and in 
this country it is regarded as a great luxury, largo quantities 
being continually imported for the supply of the London 
taverns alone. Green turtles arc met with in tho Atlantic 
t)ccan, whore they are widely distributed. They are found 
in great abundance near tho Bahama Islands, and when they 
• ^omo ashore to dej^osit their eggs in holes in the sand are 
usually caught, either by harjiooning or by turning them 
over on their backs, for when once turned tliey cannot get 
on their feet again. The Chinese catch thorn with tho sucking- 
fish (Jiemora), which is jnit into the water with a string tied to 
its tail. Tho remora darts at the turtle, to which it firmly 
iuiljcroK by means of its suc.king apparatus, and both fish and 
turtle are then drawn into the boat. 

Mr, Darwin tlms describes the capture of this turtle at 
Keeling’s Island : “ The water is so (dear and shallow that at 
first a turtle (piickly dives out of sight : yet, in a canoe or boat 
under sail, tho pursuers, after no very long chase, come up to 
it. A man standing ready in the hows at this moment dashes 
through tho water upon the turt-le*s back ; then, clinging with 
both iiands by the shell of the neck, he is carried away 
until the animal becomes exhausted and is scciired. It was 
quite an interesting chase to see the animals thus (hmbling 
about, and the men dashing into the water trying to seize their 
prey.'* 

llaivk's-nill Turtle (Chclonia Imhrirala). — The horn-liko 
])latos of this animal, and also of the carett, or giant tortoise 
{Testudo careita)^ which lives in all the seas of tho torrid z<me, 
furnish the tortoise-shell of commerce. Tho island of Asconsiou 
is a place of resort for these reptiles, and thousands of them are 
annually .destroyed there. In most species of tortoise tho scales 
which compose tho carapace or ui)pcr covering adhere to each 
other by their edges, like inlaid work ; but in tho hawk’s-bill 
turtle these scales are imbricated, or overlap one another, like 
the tiles on tho roof of a house. The head is also smaller than 
in the other tortoises; but the neck is longer, and the beak 
narrower, sharper, and more curved, resembling a hawk’s bill. 
The lamellae, or plates of the shell, are somi-tninsimrent, and 
variegated with whitish, yellowish, reddish, and dark-browii 
clouds and undulations, so as to constitute, when properly i>re- 
pared and polished, an elegant article for ornamental purposes. 
The shell of this animal is therefore largely imported into Great 
Britain, several tons’ weight being annually consumed by the 
various manufactui'era. Tortoise- shell is used for tho handles 
of penknives and razors, spectacle-frames, card-cases, ladies* 
side-, back-, and dressing-combs, and for inlaying work- 
boxes. The best tortoise-shell comes from the Indian Archi- 
pelago, where Singapore is the principal port for its exporta- 
tion. It is also sent from tho West Indies; from tho Gallo- 
pagos Islands, situated on tho we.st coast of South America; and 
from the Mauritius, Cape Verde, and Canaiy Islands. 

“A largo number of turtle eggs are secured every year for 
^e sake of turtle oil. • The eggs, when collected, are thrown 
into long troughs of water, and being broken and stirred with 
shovels, they remain exposed to tho sun till the yolk, tho oily 
port, is collected on the surface, and removed and boiled over a 
quick fire. This aAimal oil, or * turtle grease/ is limpid, in- 


odorous, and scarcely yellow ; and it is used not merely to 
burn in lamps, but in dressing victuals, to which it imparts no 
, disagreeable taste. The total gathering from tho shores 
I between tho junction of tho Orinoco and Apure is 5,000 jars, 

1 and it takes about 5,000 eggs to furnish one jar of oil.” * 

PEODUCTS OP THE CLASS AMPHIBIA. 

Ruiia csculcnla (edible frog). — TJiis Hpecies is eaten 

ranee. 

liana piplcas (American bull-frog). — Tho hind limbs are con- 
sidered a great In iiiry, and are exposed for side in tho markets^ 
of tho United States. 

Siredon jdsciformc (tho axolotl).-- Inhabits the lake near tho 
city of Mexico, wliere it is very abujidant, attaining a length of 
from km to lifioen inches. Thousands are sold, and esteemed a, 
great delicacy by th(i Mexicans. 

PKODUCT.S OF THE CLASS PISCES. 

V'^ertebratc animals inhal)iting water, breathing by means 
of branchiae or gills —vusen In r organs into which tho circulating 
fluid enters, and which is submitted in a state of minute sub- 
division in tho vessels of the gills to tho air contained in tho 
water, and so oxygenated — swimming by means of flattened ex- 
panded organs called fins, tho entire body being mostly covered 
with cartilaginous scales. Tho specific gravity of fishes is 
nearly tho same as that of tho wakry element in which they 
live. Most of them have a rnonibranous bag at the lower sido 
of the spinal column, known as tho “ air-bladder,” which is so 
organised that tho fish can vary its specific; gravity by contract- 
ing or expanding the bladder, expcdling tho air or taking it in, 

! and so sink or rise in the water at pleasure. It is somewhat 
I remarkable that this air-bladder is quite rudimentary or alto- 
gether absent in fishes which live much at tlio bottom of the 
water, seldom or never coming to tho surface, such as plaice, 
turbot, and solo. Progre.ssion in any direction is eflbctod by 
the movements of the tail. 'The craving for food seems to bo 
that which gives tho chief impulse to their movements. Their 
rapacity has no bounds whatever ; oven wh<;n taken out of tho 
water, and just expiring, they will greedily swallow the very 
bait which lured them to destruction. 

The class of fishes has been sub-divided by Cuvier into two 
sub-cliissos. 

1. Pisces ossti. or bony fisboj-, comprising tho.se which have 
a true bony skeleton. Examx>los : herrings, salmon, and cod 

2. Pisce.s cart Hay I nr or cartilaginous fishes, including thosq 
in which the skeleton never j^asses beyond its primitive con- 
dition of gristle or cartilage. Examjdes : tho sturgeon, ray,, 
and shark. 


nu) Jh:cTioN.--x. 

PENETEATIONS OF SOLIDS uo.ituiueci). 

I'ROJECTION OF Bl'inni 

It i.s now necessary to develop tho larger cylinder, and to 
draw accurately upon tho devoloiimerit fiio form of tho aj^erturo 
I through which the smaller ono shall pass. Now it must bo 
homo in mind that this aperture, notwithstanding that it is to 
contain a cylinder, will not bo a circle when tlio surface 
through which it is pier(je(l is laid out flat. 

This wiU bo evident on referring to the plan in Fig. 101> 
(page 205), where the length of the straight line c to e* is they 
^cal width of the penetrating cylinder; whereas the distance 
between e and e', when measured on the cir(;umforenco of the 
plan, would bo much more: hut as tho axes of tho two cylinders 
penetrate each other at right angles, the diameter in the eleva- 
tion will remain unaltered. 

Tho development of the general form of the cylinder will be 
accomplished by tho method shown in Fig. 84t (page 101). 

On this development (Fig. Ill) draw a centre line A® repre- 
senting A in, tho plan. The outer peri»endiciilara b" will 
represent B in tho plan. On each side of a® sot off the lengths 
gfCf and erect perijcndiculars ; then tho heights of the 

• See Bates* "Naturalist on the Amazon.’* 

t The difference between this distance on the curve and on a straight 
lino would bo considerable, therefore divide it iuto several parts, ar, »,«, 
and set them off separately, by which means tho difference will be 
lessened. 
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oorraupondingly lettered in the elevation, marked off on these j 
perpendiculars, will grive points through which the development 
of the aperture may be traced. i 

It now only remains to develop the form of one of the ends ' 
of the penetrating or smaller cylinder. To do this, draw a 
horizontal line (Fig. 112), and about the middle at e erect a i 
perpendicular. On each side of e sot off the disto-nces/, flf , c, gr,/, e' i 
into which the end of the smaller cylinder is divided, and from i 
theso points erect perpendiculars. On those set off the lengths 1 
of the linos between E e (Fig. 109) and the plan of the larger 
cylinder — viz., e c, f /, a f/, c' b, etc. The curve uniting the 
extremities of those perpendiculars will give the form in which ' 
the piece of metal is to bo cut, so that when rolled and joined 
at its outer cdge.s, it may form a part of a cylinder of the 
re(iuirod size which will exactly fit to the aperture in the larger 
cylinder already explained. 

TO DKAW A CONE PENETRATED BY A CYLINDER, THEIR 

AXES BEING AT BIOHT ANGLES TO EACH OTHER (Pig. 113). 

Draw in the first place the more elevation of the cone, A b c, 
and of the cylinder, d d' e e', intersecting each other in 
p p' Q g' ; from those the general plan may bo projected in the 
horizontal plane. The next problem for solution is the curve 


lino may be followed throughout) the same lettering is given 
— namely, tZ' h' cf. Prom these points carry perpendioulars 
cutting the base line of the elevation of the cone in df b' c\ 
and draw lines from those points to the apex, c, of the 
cone. Intersect these lines by others drawn from h c d in the 
original semicircle, and through the points thus obtained the 
curve of penetration, starting at v and a, and ending in p' and 
o', is to be drawn. It is now necessary to show on the plan 
the curve formed at the junction or penetration of the two 
bodies. Four points in these curves may at once be found by 
dropping perpendiculars from r, p' and a, o' in the elevation to 
cut X X in F, f' and a, o'. Now it will be remembered that 
every horizontal section of a right cone is a circle, and thus the 
lines parallel to the base on which the points b, c, d exist, are 
really edge elevations of circles, the diameter of which is 
regulated by their position on the cone. The length from point 
i 1' on the edge of the cone to 1 in the axis is thus the radius of the 
circle on which the point 5, and the corresponding point beyond 
; it, are placed. Therefore, with this radius describe a circle 
I from the centre of the plan, and drop a perpendicular from b, 
cutting it in b b. Draw a circle from the same centre of the 
plan with radius 2 2', and a perpendicular from c, cutting it in 
c c. Draw a circle from the same centre with radius 3 3^, and 



which will be generated by the intersection of the cylinder 1 
(which is a round body of equal diameter) with the cone (which I 
is a round body of over decreasing diameter). At D d' draw | 
the perpendicular H l equal to the altitude of the cone, and 
from J, the middle lino of the elevation of the cylinder, describe 
a Homicirclo equal to half the end of the cylinder. From i draw 
a line touching this semioirolo in c, and reaching the iutorsoct- 
ii»g lino in c\ Between D and c and c and d' mark off any 
number of divisions, as b, d, etc. It must, of course, bo under- 
stood that the greater the number of divisions marked off, the 
greater will be the number of iioints subsequently obtained, and, 
of course, the greater tlio accuracy of the iiitorsecting curve 
and development ; but the object of the author is to make the 
operations ns clear as possible, and thoreforo, in order to avoid 
one sot of linos passing over another, and causing difiicultios 
and confusion, he lias only marked one division (b) in the upper 
and one (d) in the lower portion of the elevation. The student, 
who is expected to work this figure to a much larger scale, will, 
however, do wisely to use many more points, all of which are 
worked in the same manner. From I draw a lino through b 
cutting tlie intorsociting lino in h\ and from i draw a line 
through d cutting the intersecting lino in d'. Through the 
oentre of the plan draw the line x x, and carry porpcndiculcurs 
to it from c* h' d * ; and from d', with radius vf d, d' b, d' c, draw 
arcs cutting l n produced iu points similarly lettered. 

From these points draw lines parallel to x x, cutting the 
plan of the cone in points to which (iu order that the same 


a perpendicular from d, cutting it in d d. Draw the curve 
F d c b f' d c b, which will be the plan of the aperture required. 
(Of course the corresponding lines on the other side will give a 
similar result.) 

TO PROJECT A SMALL CHURCH PROM THE PLAN (Fig. 114). 

The church, it will bo seen, is made up entirely of simple 
solids — viz., square prisms of various lengths, triangular 
prisms, and a square pyramid ; and as the student has already 
had some practice in those, ho will find, it is believed, but little 
(if any) difficulty in following out the instructions, although the 
diagram is not lettered. 

The building is to bo considered in the first instance as 
formed of the square prisms only — that is, divested of the 
triangular prisms which form the roof, and also of the pyramid 
which forms the spire. 

These solids, then, will bo represented in the plan by two 
rectangles crossing each other at right angles, and as they are 
equal in width their intersection is a sqxiare, which is the plan 
of the tower ; the shorter end of the longer rectangle then 
becomes tbo plan of the chancel, and the longer end the plan of 
the nave; the smaller rectangles form the plans of the tran- 
septs. It is advisable now to proceed with the projection of 
the body of the church from the plan. This operation is very 
simple, requiring only that perpendiculars should be drawn 
from the various points. From the two front angles of the 
transept which faces the spectator, therefore, draw pmrxMsn* 
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dioulars, and a horizontal lino cutting them off at a height 
above the intersocting line equal to the required height of the 
walls of the church. This horizontal lino may be drawn of in- 
definite length, as it will regulate the height of the whole 
body of the building. A iierpendicular drawn from the tliird 
angle of the transcipt (i.c., the front left-hand comer of the 
square) will give the one edge of the tower of which the aquaro 
is the plan, and a perpendicular drawn from the right-hand 
corner of the sciuare will give, not only the side of the transept, 
but will, if continued, give the right-hand line of the front of 
the tower: further, a perpendicular raised from the distixnt 
right-hand corner of the square will give the side, the height 



Next draw per]iendiculara from the two angles of the right- 
hand end of the longer rectangle, and these carried up will give 
the projection of the rectangle, or wall forming the extreme 
end of tlio nave. 

We now return to the plan, and draw the diagonals, which 
constitute the plan of the edges of the pyramidical spire. From 
their intersection draw a perpendicular, and on this mark tho 
height of the required pyramid, this line being the axis. From 
the apex thus fixed draw linos to tho upper angles of tho pro- 
jection of the tower, which will complete the spire. 

Again reverting to the plan, draw linos through the middle of 
which will give tho plans of the ridges of the roof 
(Fig. 48, page 73) . From the point where the ridge-lino meets the 
transept draw a jierpendicular, and mark on this, 
above the top line of the walls, the perpendicular height shown 


in the dotted triangle annexed. Join tliis point to the upper 
comers of tho front of tho transept, and this will complete its 
gable. IVom tho apex of this triangle draw a horizontal line, 
and iutersoct it by a perpendicular drawn from the point where 
tho ridge-line in tho plan cuts tho front line of the square. This 
intersection will give tho point where the ridge moots tho front 
of tho tower. From this point draw a lino parallel to that side 
of tho triangle, and this will complete tho visible transept ; tho 
opposite one is, of course, hidden by the body of the church, 
and could not therefore bo scon in the present view. The 
student is, however, advised to project this object on the inclined 
plane, as shown in Lesson IV. (page 72), when the upper portion 



jeoted fn^m tho plan, and it now only remains to complete it 
by tho addition of tho gable. 

It must bo obvious tliat tho gable-point will bo immediately 
over the point where the ridg(3-line meets the end of the nave in 
the plan ; and therefore from this point erect a perpendicular, 
and carry it up between the two linos which represent tho 
edges of the end of tho nave. Draw a perpendicular, too, from 
tho point where tho ridgo-line cuts tho plan of tho tower. A 
horizontiil drawn from the gable-point of the transei^t will cut 
these perj^ondiculars, and give tho corresponding point in the 
end of tho nave, and in tho part of the roof which meets the side 
of the tower. Produce this horizontal until it meets a perpen- 
dicular drawn from tho end of tho ridge of the chancel in the 
plan, and this will give the distant point in the ridge, and than 
complete tho projection of the ohux^. 
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AGRICULTURAL CHEMISTRY.— Y. 

BX 8IE CHARLES A. CAMERON, M.D., 

Professor of Hygiene in the Iloyal College of Surgeons, Ireland, etc. 

CHAPTER V.-INFLUENCE OF CULTIVATION AND 
DRAINAGE UPON SOILS. 

When crops are grown in a rioli field year after year without 
any manure being applied to it, its soil soon ceases to be very 
productive. It was formerly the general opinion amongst 
agriculturists, and even amongst agricultural chemists, that 
uumanured land, if heavily cropped, would soon become per- 
fectly infertile, or barren ; but the accurately conducted inves- 
tigations of Sir J. 13. Lawes, of Eothamstoad, and the prolonged 
< 3 Xi)orimont of the late Mr. Smith, of Lois Weedon, prove that 
* it is not in man’s power to reduce fertile soils to a condition of 
absolute sterility. Indeed, it would appear that no system of 
husbandry, however improvident, is capable of permanently 
deteriorating the productive powers of the earth. 

Sir J. J3. Lawes and the Kev. Mr. Smith liave grown 
crops year after year for a long period in the same field, 
without the use of any kind of manure. Nor were the crops 
obtained very inferior either with regard to quantity or quality. 
Under ordinary circumstances, however, it is found expedient 
to restore to the soil, wholly or partly, in the form of manure, 
the mineral substances removed from it by crops. Tillage, or 
cultivation, is to a great extent a substitute for manure ; and 
the loss fertilising matter applied to the soil, the greater is the 
necessity for its thorough moidianical treatment. The quantity 
■of fertilising matter present in most soils is practically in- 
exhaustible ; but only a minute proportion of it exists in a con- 
dition in which it can irnn\edlatoly contribute to the nourish- 
ment of plants. 

■We have already shown that calcic phosphate is essential to 
plants, and that it is an abundant ingredient of their ashes. 
Now every soil capable of growing vegetables contains this 
substance, but chielly uh an ingi’cdient of stones and coarso 
particles, upon which idants cannot teed. Any one who 
examines a specimen of clay will see how very Utile of it is in 
the state of even coarse powder. It is the very finest powder 
contained in the soil which suppUos the great bulk of the 
mineral food of plants ; hcnco any process by which the coarse 
lumps and particles arc pulverised increases the productivenes-s 
cf the land, it was only l)y moans of thorough cultivation that 
Sir J. B. Lawes and the Kev. Mr. ISmith succeeded in growing 
crop after crop of wheat in succession, iu the same field, and 
without the use of manure. 

It would appear that the most exhaustive system of cropping 
may soon put laud out of c<mditio7iy but cannot affect its 
fertility. In i)ractice, poor and inferior lands always remain so, 
whilst a rich soil can only for a brief time be reduced to an 
inferior condition. If, as Sir J. B. Lawes observes, it wore 
possible by any systein of cropping to abstract all, or even the 
greater portion, of the elomonts of fertility from the ground, 
there would not now bo a fertile field in Groat Britain. Needy 
landlords and iJoor tenants \vonld long since have taken every- 
thing worth abstracting from the fields of these islands. 

A good piece of laud, well manured and sufliciontly tilled, 
produces so many bushels of corn insr acre. If the manure bo 
discontinued, and the amount of tillage not augmented, an ini- 
Jiuidiate and largo decrease in the j)rodu(tiveness of the land 
results, and in two or three years it gtK's out of condition. 
The yield docs not, however, continue to decrease, for after a 
ohort time it remains stixtiojiary fi*r an indefinite period. 

The amounts of jjotash, phosphoric a('id, and other of the 
mineral elements t)f the food of plants are so very largo in loams 
and clays, that it would require centuries of cropping to wholly 
exhaust them. They are, however, bound up in the rocky 
portion of the |5oil, and only a minute proportion of them is 
annually sot free. It is a wise arrangement of Providence that 
phosphoric acid and j>otash should bo locked up in the soil, ami 
even that the earth should contain such small proportions of 
these substances. Wore it otherwise — were potash, i)ho8phorie 
acid, and the other ash ingredients of plants supplied in an 
available form, and in unlimited quantities — the husbandman 
could not earn his bread by the sweat of his brow, in obedience 
to the wise fiat of the Great First Cause. It is not a mere 
accident that the minerals which are least abundant in the soil 
are the most abundant in plants. 


In very light soils, particularly those derived from the dis- 
integration of limestones, the system of tillage without manure 
could not bo carried on for more than a few years, without 
reducing the yield to an extent that would be altogether un- 
remunerative. On the rich loams and stiff clays, which usually 
are very rich in potash and phosphoric acid, thorough cultiva- 
tion will, without the aid of manure, produce average crops for 
perhaps more than a century. The maximum of productiveness 
is, however, attained when the land is both well tilled and 
abundantly manured. 

The following figures show the large quantity of phosphoric 
acid contained in the soil, and the small proportion of it which 
is annually removed by crops. Tlio soil of a field weighs at 
least 100 tons per inch in depth. A good soil contains 0'25 per 
cent, of phosphoric acid, or 5 cwt. per inch in depth. A crop of 
wheat removes from 12 to 15 lb. of phosphoric acid from each 
acre. If we assume the latter quantity, then an inch of soil would 
furnish sufficient phosphoric acid for 37 crops of wheat, and 
ten inches of soil would supply this compound to 370 crops of 
wheat. Other crops, no doubt, take much more phosphoric acid 
from the land ; but, on the other hand, the fertilising resources 
of the super-soil admit of being largely replenished from the 
stores of phosphoric acid and potash buried in the sub-soil. 

The chief objects accomplished by the operations of plough- 
ing, Bubsoiling, gmbbing, harrowing, and digging, are the 
exposure of the inner portions of the soil to the agencies of 
light and air. Under these stimulants the inert organic matter 
is converted into soluble plant-food, and the potash, phosphorif' 
acid, and other fertilisers are abstracted from their stony cases, 
and prepared for tlie use of the crop. This mechanical treat- 
ment is also most beneficial in deepening the soil, whereby the 
roots of the plants grown in it can penetrate to greater dej>ths 
in search pf their food. Good cultivation also gets the laini 
into jiiie tillh — that is, it reduces its particles to ur tolerably 
uniform condition — increases its porosity, which augments its 
capacity of absorbing ammonia ami carbonic dioxide from the 
air and actually reduces a small portion of the soil to the 
finely pulverulent condition in which it proves most useful t< 
vegetation. 

The sub-soil is poorer iu organic matter than the super-soil, 
and it contains in general les.s polnitial or aefive phosphates, 
potash, and other mineral foods of jdants. For these reasons 
it m not desirable to bring up to the surface too much of the 
sub-soil ; but it is useful to commingle annually a small quantity 
of the sub-soil with the surface one, so as to compensate for the 
loss of the fertilising matters which are continuously rcmovo<l 
from the latter. A winter’s action upon the crude sub-soil 
brought close to the air will render some of its dormant fer- 
tilising constituent.s immediately available for the use of 
plants. 

It is most desirable that the mechanical troatinciit of the 
soil should not be deferred until spring. Autumn cultivation 
in now becoming the rule, and not, tis was the case formerly, 
the exception. Land intended for gi’oen fallow crops should be 
ploughed very early in the winter, so as to render it more 
accessible to atmospheric influences. In the spring, grubbing 
is preferable to cross- ploughing, as it more thoroughly pul- 
verises the soil. It is surprising liow greatly the yield of 
turnips and mangolds is affected by cultivation. If the land b«.? 
not thoroughly propare<l for tho.se crop.s, no amount of manure 
ordinarily applied wdll j)rocliire a largo crop. As for tin.' 
cereals, we have already shown that good crops may be pro- 
duced without any manure, providing the tillage of the soil is 
thoroughly |>orformod. Indeeil, the term manure is derinnl 
from tho Latin word.s manns, the hand, and opera^ w'ork, or hand- 
labour; and therefore, oven according to etymology, mamiro 
and cultivation are equivalents. 

Thorough drainage is one of the most important moans of 
increasing tho productiveness of soils. Excessive moisture acts 
injuriously by keeping the land cold ; tho sun’s heat, instead of 
being usefully expended in warming tho soil, is wasted in evapo- 
rating the Huperfiiious water contained in it. 3,700 tons of 
water often fall upon an acre. To convert this liquid into steam 
j or vapour, the heat derived from the combustion of 550 tons 
of coal would be required. In the case of stiff, nndrained 
j clays, the large quantity of superfluous water which annually 
descends upon them is chiefly got rid of by evaporation — a 
process effected by robbing the soil of the sun s heat, which is 
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80 indispensably requisite for the maintenanoe of the vigour of 
the cultivated plants. 

Heavy tenacious loams and clays are rendered more porous 
and friable by drainage ; and after that operation their tillage 
can be performed with less difficulty and expense. Undrained 
soils are converted by heavy rains either (in the case of clayR) 
into adhesive pastes, or (in the case of light lands) into puddles. 
On the contrary, a well-drained field will act under such circum- 
stances like a water-filter, through which the water readily 
passes without effecting any important alteration in the condi- 
tion of the filtering materials. Undrained stiff soils, when sub- 
jected to heavy rain, and then to strong heat, acquire a crust 
BO hard that it is difficult to penetrate it. We have often seen 
seeds and potato-cuttings so firmly baked up in an uudrained 
tenacious clay, that their vital powers were (juite destroyed. 

Unwelcome semi-aquatic plants often spring up in land which 
is badly drained, and they frequently succeed in ovorcomiug 
and displacing no inconsiderable proportion of the plants under 
cultivation. When a marshy field is drained, the useless semi- 
aquatic plants spontaneously disappear. 

The organic matter in wet soils decomposes very slowly, 
because of the exclusion of air. When by drainage the soil is 
rendered porous, the atmospheric oxygen penetrates to the 
organic matter, and converts it more expeditiously into water, 
carbonic dioxide, and ammonia — the substances that furnish to 
the vegetable the greater portion of its food. Every farmer 
knows that a wot field requires more manure than a drained 
one; in the former the manure remains much longer in an 
inert condition. 

The water drained off from soils contains fertilising matters, 
more particularly compounds of nitric acid and sodium salts. 
The important fertilising substances, ammonia, potash, and 
phosphoric acid, are retained by the soil with groat tenacity ; 
and, on the whole, the water which passes off from cultivated 
soils carries with it but very small quantities of the food of 
plants. On the other hand, the soil is continuously receiving 
ammonia and nitric acid from the atmosphere. 

TECHNICAL EDUCATION AT HOIVTE AND 
ABROAD. 

TI.— TECHNICAL INSTRUCTION IN ELEICBNTAilY SCHOOLS. 

BY SIR THILIP MAGNUS. 

An objection to the method of science-teaching described in our 
previous article is that it restricts to an hour or so a week the 
free communication which is so desirable between the pupil and 
his teacher. The lesson under these conditions is necessarily a 
very set affair, and excellent as is the system of teaching 
adopted, the scicnco lesson so given is too distinct from the 
ordinary school work. I can speak from personal observation, 
having been present at lessons given both in Birmingham and 
Liverpool, of tlio educational value of this instruction, and of 
its influence in awakening the iiitelligonoo of the children. But, 
although it may be the best kind of instruction tliat can bo ob- 
tained for the money, it is not the best poB.siblG, and the absence 
of the Rcionco master from the school during the greater part of 
the week is a serious drawback to the value of his teaching. 
Another diffionlty which this method only partially overcomes 
the necessity of providing adequate apparatus and appliances 
for such lessons. It is true that the itineraiit teacher brings 
with him, in a neatly furnished cart, the apparatus required to 
illustrate his demonstration. But ho takes it away again ; and 
the children are apt to look upon his experiments as clever 
tricks, which he may be able to perform, but which they could 
not. To learn sciencf^ properly the pupil must perfonn his ou’h 
experiments. He wants to be brought not only face to face, but 
hand to hand, with Nature’s operations. It is in the practice 
of science that its chief value lies. To render this teaching 
really eflioient, each Bchool should be provided with its own 
apparatus, and the children should repeat the experiments they 
have seen, and do others for themselves. But to render this 
possible, each school must bo expensively fitted with laboratories 
and with all the necessary appliances for practical instruction. 
The cost of such an arrangement renders it prohibitive, apd 
h^co we are led to consider whether an alternative scheme, 
V suggested and acted upon, is not after all pre- 

ferable — that of drafting the children of the higher standards 


into separate schools, which, being fewer in number, may more 
easily bo fitted with the necessary apparatus and appUances, 
and in which the children may obtain that praotioal training 
in soieuoe, and in the methods of experiment which constitute 
the true foundation of toohuioal instruotiou. 

But before proceeding to desoribo schools of this kind, I will 
refer to the efforts that have begun to be made to introduce 
specific technical instruotion other than seience teaching into 
some of our elementary schools. The Royal Comraissionera 
in their First Report on Teohnioal Instruction, published in 
March, 1882, without making any positive recommendation on 
the subject, indicated how strongly they had been impressed 
with the results of the workshop teaching which was being 
given in all the new elementary schools of Paris : — “ The 
instruction in the use of tools during the elementary school 
ago — besides being of service to every child, whether destined 
to become a mechanio or not — will tend in the former case 
to facilitate the learning of a trade, though it may not actually 
shorten the necessary period of apprenticeship. We should 
be glad to see,’’ say the Commissioners, “ this kind of manual 
instruction introduced into some of out own elementary 
schools.” This suggestion was almost immediately acted upon 
by the Manchester School Board, which, after sending some of 
its members to Paris to personally inspect the results of the work 
done in the primary schools there, introduced workshop teaching 
into two of their own schools. At each of these schools the boys 
received one and a half hour’s instruction a day ; and as soon 
as they had got, over the first diflioultios of the work, and com 
menoed to make little articles, they liked the teaching very 
much. In the two schools, forty-two boys were soon engaged in 
manual work. They were taught by a joiner, who attended 
both schools ; the instructioxi being limited to woodwork — to 
sawing, planing, joinery, and turning. Two boys worked at 
each bench, the cost of which was £1 28. The set of tools for 
each boy cost JUl 28. 5d. There was one lathe in each school, 
made at the well-known apprenticeship school in the Boulevard 
do la Villette, Paris, each costing ^6. The cost of the mate- 
rial used was very trifling. 

The object of such instruotion is not to make carpenters or 
joiners, but to train children to use their hands, to understand 
the use of the simpler tools, and to acquire tiiste and aptitudo 
for manual work. Such elementary instruction as they obtain 
in these schools cannot fail to be of service to them in what- 
ever trade they may afterwards bo engaged. It is very 
probable that instruction of the kind will be introduced into 
other schools of tho same grade in Manchester, and the example 
of Manchester is likely before long to be followed in other 
towns. 

So far, a beginning has been made. When in our primary 
schools the touching of drawing shall bo made obligatory, when 
instruction, in object lessons and in tho rudiments of science 
shall bo improved, and when workshops shall bo annexed to them 
in which the older children may have the opportunity of learning 
tho use of tools, and of acquiring a taste for manual work — our 
elementary teaching will bo as technical as it need be, and will 
afford os good and st rvLceablo a training as tho children of 
artisans — themselves destined to become artisans — can possibly 
obtain. At tho same time, snnh a training will afford a good 
groundwork for those who by their superior skill and intelli- 
gence may be selected for more advanced teaching in schools 
of a higher grade. 

TECHNICAL INSTRUCTION IN HIGHER ELEMENTARY SCHOOLS. 

Schools in which the education of the more advanced children 
can be further pursued and specialised, with a view to their 
future work, do not exist in largo numbers in this country. *Such 
schools are known as “graded,” or “higher elementary,” schools. 
These Rtdiools are intended for tho reception of those pupils from 
tho pablio elementary schools who have passed tho fourth or fifth 
standard, and who, unaided, or by tho help of exhibitions, arc 
oiiabled to continue their education for two or three years longer 
than would otherwise bo possible. In those schools the subjects 
of instruction are taught in theft more advanced stages ; and 
although tho number of pupils entering them from each 
ordinary elementary school is small, tho classes are liki^ly to 
be well attended in populous towns — sufficiently so to justify 
increased expenditure in the fitting of laboratories, of appliances 
for science teaching, and of improved worksshops. 
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The Central Schools, Sheffield. — One of the best | 
schools of this type is the Central School at Sheffield. It 
is a higher elomonttiry school— t.e., a school for the reception 
of children from the upper standards of the ordinary elementary 
schools. With reference to this school, Mr. John Moss, the 
Clerk of the Sheffield School Board, states : — 

“ The Sheffield School Board has, I venture to think, 
pioneered the way to a satisfactory solution of the question as 
to how the best preparation for a course of technical instruction 
can bo provided. The higher department of its central school 
contemplates exactly the kind of work suited for this i^urpose. 
Tlio majority of the 500 sohohirs in attendance have been 
drafted from the other public elementary schools of the town. 
The minimum standard for admission is the fourth, so the work 
of the whole soliool begins with the fifth standard ; but only 
candidates who can pass well the entrance examination are 
admitted, and those who are over eleven years of age must 
take the papers for a higher standard. 

** In less populous centros a somowhat lower standard for 
admission may perhaps bo desirable, so as to admit of the 
numbers being large enough for convenient subdivision, as well 
as economical working. 

“ The advantages of this mode of selection will be appreciated 
by those who are thoroughly conversant with the working of 
ordinary elementary schools. So small a proportion of the 
scholars who arc capable of advanced training remain long 
enough in any one school, that it is impossiblo to give adequate 
attention to thorn without sacrificing the interests of the larger 
numbers ; and, besides, they can as a rule bo far better taught 
by teachers who are more or less specialists than would be 
practicable in the ordinary schools, where the teachers are 
selected without reference to those particular qualifications.” 

In these views I generally concur. I think it desirable, 
however, that pupils capable of paying higher foes should also 
bo admitted into such schools, and 1 believe that many of our 
so-called middle-class schools might bo so ro-modellod as to 
give an education very similar to that afforded in tho Sheffield 
Bohools, to tho groat advantage of tho pupils attending them. 

In tho Sheffield school all the pupils — both boys and girls — are 
taught French, and a few take Gcrmati. This is an important 
provision in tho scheme of instruction, as a kiiowlcdgo of at 
least one foreign language has become an almost necessary 
part of tho equipment of tho to(;hnioal student of those days, 

Tho following is the prograramo of instruction for boys : — 

l^cicnce Course. — Practical, plane, and solid geometry; 
machine construction and drawing ; mathematics ; mechanics ; 
chemistry, theoretical and practical ; magnetism and elec- 
tricity. 

Art Coarfic.— Freehand, model, perspective and geometry; 
dravring from tho cast, modelling in clay ; wood carving. 

Practical Work in the Workshop . — Tho production of simplo 
but perfect geometrical forms in iron and wood - such as the 
cube, hexagonal prisma, &c. — tho object of this instruction 
being to teach accuracy of work ami skill in tho u.so of tools. 

Tho ooustruotion of models in wood suitable for use in schools 
as examples for model drawing ; also of various kinds of wood 
joints, model doors, &o. 

Tho construction of simple apparatus to illustrate by actual 
experiment tho principles of lovers, of lovers in oombination, 
pulloya, whool and axle, tho crano, strains on beams with 
difforciit positions of load. Tho mechanics of tho roof, arch, 
bridge. Tho more advanced pupils to bo taught to construct 
apparatus for tho purpose of illustrating tho lessons given in 
machine drawing, applied mechanics, building construction, and 
mochanical engineering to evening students. 

All the models to bo made from working drawings prepared 
by tho students. 

It will bo at onoo seen from the foregoing programme that 
this school is distinctly a technical school. It is furnished with 
a good laboratory, with drawing rooms, and with workshops for 
working in wood and metals. As working in metal is the staple 
industry of Sheffield, there can bo little doubt of tho advantage 
of the preliminary instruction in tho use of tools, and in the 
properties of the materials employed, to those lads who, on 
leaving aohool, go at once into the cutlery or into any other 
metal-working trade. But even to those who may be engaged 
in other crafts, the technioal skill a boy brings with him from 
•noh a Bohool as this cannot fail to be of the greatest servioo in 


enabling him to use his hands with dexterity, and to understand 
the principles of tho machinery he may be required to work. 
Although more especially adapted to the industries of Sheffield, 
the central school may bo regarded as the type of school that 
might most usefully be established in all large towns in which 
skilled workmen and artisans of all classes are educated. 

The great feature of the workshop instruction is that the 
boys are practised to work from drawings made to scale by 
themselves from rough sketches, and from data supplied to 
them. They show such a liking for this kind of instruction 
that they willingly come to school an hour before tho ordinary 
school hours begin, and they are occupied in the shops two 
hours a day. With this comparatively small expenditure of 
time very useful results are obtained. Tho workshop instruction 
affords physical exorcise to the boys, and takes the place of 
other forms of recreation. Just in the same way as tho 
Kindergarten exercises direct the spontaneous activity of 
infants into useful channels, so manual instruction servos to 
develop the muscles of older children, whilst it gives thorn a 
taste for work which enables them in childhood to overcome 
some of tho initial difficulties, which are best surmounted at 
an early period of life. 

The Allan Glen Institution, Glasoow. — Another school 
in which technical instruction is combined with ordinary 
elementary teaching is tho Allan Glon Institution, of Glasgow. 

“This school contains an elementary, a secondary, and a 
technical department. In tho secondary department tho 
instruction consists largely of inathomatios, drawing, and 
science, and it serves as a preparation for the higher sohool. 
Tho technical department has a two years’ course, in the first 
of which the studios are common to all the pupils, whilst in tho 
second they are specialised, according as the pupil intends to 
devote liimself to engineering or to chemistry. Those who stay 
long enough pass three years iu tho school workshops. In tho 
first year they have two and a half hours’ workshop instruction 
per week, in tho second three hours, and in tho third year five 
hours. 

“ The fees vary from X3 to .£5 a year in tho secondary school, 
while they are as much as £8 8s. per year for tho complete 
course in tlie technical department. Nearly all tho pupils of 
tho technical department of this school come from tho publio 
elementary schools of Glasgow, which, throughout Scotland, aro 
froqnentod by rich and i^oor alike to a much greater extent 
than is tho case in South Britain. I am informed that tho 
practical skill gained by those pupils, devoting during throe 
years not more than half a day per week to workshop instruc- 
tion, is fully equivalent to that which they would acquire in 
the first two years of their apprenticeship to an ongiiioor.’'* 

The school is provided with a laboratory for tho teaching of 
practical chemistry, and a workshop, fitted with benches, vices, 
turning lathes, a furnace, a forgo, and a complete set of tools 
for the working of wood and metal. The instruction in tho 
workshop comprises a three years’ course. In tho first year 
tho lads make simplo articles in wood, and, to prevent wa.ste, 
they are charged with tho material they use, being allowed, 
afterwards, to take home the thing.s they have made. After 
tho first year, they are able to make models of parts of 
machinerjs which are useful in the school, for tho purpose of 
instruction, and which give reality to the science teaching the 
boys are at the same time receiving. Tlxoso models aro made 
from working drawings to scale, prepared by the boys from 
rough sketches, and tho instrnctiqn is in so far similar in 
character to that given in tho Central Sheffield School already 
described. 

Those two schools servo as very good typos of what may bo 
called intermediate technical schools — institutions the need of 
which is very much felt iu Great Britain. They afford the 
best preliminary training for those who have to enter indus- 
trial life at an early ago, and enable thorn to take advantage of 
the evening classes in most parts of tho United Kingdom. 
Such schools also afford a useful preparatory instruction to the 
I more gifted pupils whose education should bo oontinuod in one 
I or other of tho provincial colleges which have recently been 
I established, with the view of their becoming sub -managers of 
works, or technical teachers. 


* •* Technioal Instruction in Elementary and Intermediate Schools.” 
By Philip Magnus. (Trounce and Co., Gough Square, Fleet Street.) 
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APPLIED MECHANICS— V. 

BY SIB BOBEBT 6TAWELL BALL, LL.D., 

Astrouomer-Boyal for Ireland. I 

HTDEAULIC MACHINEEY. 

The maohineB wliioh may be classed under this heading contain 
some of the most beautiful examples of modem engineering 
skill. Water has been applied with the greatest success as a 
means of transmitting power for a great variety of objects. 
For this purpose its remarkable property of incompressibility 
is peculiarly adapted. Wo do not mean to say that water is 
absolutely incompressible ; but it may practically be so con- 
sidered, for the amount of com- 
pression it undergoes is exceed- 
ingly small. 

The principle and construction 
of the hydraulic press have been 
already fully explained in the 
pages of the Popular Educator 
(see “Hydrostatics,” II., Vol. IV., 
page 389) . To this account we 
therefore refer the reader for a 
full description of this powerful 
machine. We shall mention one 
or two important api)licationa of 
the hydraulic press, and we shall 
then consider some other ma- 
chines which are worked by water 
at high pressure. 

The first example we shall take 
is the application of the hydraulic 
press to the manufacture of 
leaden tubing. The quantity of 
lead annually consumed in making 
gaa-pipos and water-pipes is enor- 
mous, so the aid of machinery 
has boon called in whenever pos- 
sible. I’he i^rocess is one of great 
interest. The tubes are forced by pressure out of solid lead, 
which is warmed up to a certain tomporature, though still far 
from being melted. 

The apparatus by which this is done is shown in Fig. 1. P Q 
is the hydraulic press. This consists of a very massive iron 
cylinder, into which the piston, b c, fits, a is the pipe by 
which the water is forced into the space above the piston. The 
pumps which inject the water are not shown in the figure ; they 
are worked by a steam-engine. The piston is thus pushed 
downwards with enormous force. The plunger is narrowed at 
the end, and turned so as to fit tightly into a very powerful 
iron cylinder, g h. It is in the space d, in the hollow of this 
cylinder, that the lead is placed from which the pipes arc to be 
made. This cylinder is filled by pouring in molten ]ea<l, which 
is then allowed to solidify. Hound tliis cylinder is a second 
cylinder, k l, containing a fire for the purpose of keeping the 
lead at the temperature required. This lower cylinder, contain- 
ing the lead, is connected with the upper cylinder, P Q, by 
moans of very powerful framework, so that when the prossuro 
is exerted the piston must bo forced down into d. 

The most essential feature of the apparatus is shown at E. 
At o is a hole in the bottom of the cylinder, which is carefully 
turned, and is exactly the external size of the pipe required. A 
small arch is shown at e ; from the top of this a mandril 
descends down through the hole. This mandril is exactly the 
internal diameter of the pipe, so that when the load is forced 
between the mandril and the oylindrical hole, it is formed into 
the required dimensions. Under the enormous force with which 
the lead is compressed it becomes as yielding as putty is to an 
ordinary pressure. It appears very surprising at first to find 
forced around the sides of the arch at k, and 
,. . . - — x-r- — perfect and bears no traces whatever of the 

vimou which it must have und’ergone. In the earlier stages 
kI “®®^a<3ture it was not believed that the load would 
Bumciently plastic, and consequently the mandril was fixed 
airrotly mte the plunger, c, so as to avoid the difficulty of the 
found that equally good tubes can be 
• made when the mandril is supported by the arch, and so this 
irore oonvement arrangement is adopt^. It is very remark- 
•01© to see the lead pipe rapidly flowing from the bottom of the 
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cylinder. It is thus made in lengths, each of which oontaina 
one charge of the vessel, a h, called the container. By altering 
the size of the hole and of the mandril different sizes of.pipes 
'»an be produced. 

Hydraulic pressure is especially convenient for the purpose of 
transmitting power. Water can bo convoyed through pipes to 
any diatanoo, and if force bo employed in compressing the water 
into a pipe at one end, the water will exert force to get out at 
the other end. Hence wo may consider that the water is just 
the moans of transmitting the power from one end of tlio pipe 
to the other. For this purpose water is more oonveniont than 
stoani, for though the steam could be conveyed through pipes, 
yet special means must bo employed to keep the steam hot 
enough to prevent its condensation. Air is sometimos used for 
the purpose of transmitting power when from any cause the use 
of water is inconvenient. 

As an example of this application of hydraulic power, wo 
shall describe the machinery which is erected at Waterloo 
Dock, Liverpool, and at various other places throughout the 
country. The machinery at the place mentioned is on a very 
largo scale, and has a great nuTuber of functions to fulfil : the 
dock-gates have to be closed and opened, the vessels have to 
bo unloaded, the corn has to be raised and carried about to 
different paHs of the immense granaries, which are capable of 
containing many thousands of tons. Those different duties 
demand special machines in dilFcrent parts where the work is 
ro<iuire<l to he done. To accomplish this it would be very un- 
economical of power, and otherwise inconvenient, to liavo a 
special engine for each maohino. Most of these machines are 
only worked occasionally : for example, to open the dock-gates 
an engine of very considerable power would bo required, but the 
gates only require to be oi^onod now and then, and it would be 
very umlosirablo to have to maintain a fire all day for the 
purpose of opening the gates a few times during the twenty- 
four hours. 

Similarly, the other machines arc only worked iiitfjrmittently, 
and out of all the machines that are employed, perhaps more 
than a quai’tcr arc never simultanoously in action. The case, 
therefore, is this : an engine, one-fourth of the power which 
would be necessary to turn all the machines together, will yet 
bo sufficient for ordinary purposes, providetl wo have convenient 
means of applying its power wherever it may be wonted. Some 
of the machines require a great deal of power, otliors not so 
much, and therefore wo also require to save up the power of the 
engine when working the small machines in order to have 
enough when a greater exertion is 
demanded. Water affords a most 
convenient means of obtaining those 
objects. An engine of sufficient power 
supplies the energy ; this energy is 
stored up by the engine in what is 
called an accumulator^ and from the 
accumulator it is distributed by means 
of water-pressure to tlio different 
machines that require it. 

The accumulator is shown in Fig. 2. 
w is . an immense weight of about 
ninety tons. There are guides intro- 
duced in order to restrain its motion 
to sliding up and down vertically, 
and prevent it from falling to one 
side. These guides are not shown in 
the figure. At the bottom of this 
weight isi a plunger, r, which works 
tightly into a cylinder, A B. This 
cylinder is kept filled with water by the 
pipe o ; the water is pumped into it by 

very powerful force-pumps, to work which the whole power of 
the engine is employed ; forcing water through the pipe c into 
the cylinder is,* in fact, the duty of the engine. Let us suppose 
a cook on the pipe d is turned off, then the water, when forced 
into the cylinder, must raise w. It is prevented from pushing 
p entirely out of the cylinder by a self-acting contrivance. 
When the weight w ascends to a certain point it acts on a 
lever which closes the valve supplying steam to the engine, and 
therefore stops the entry of water at o. Hence the engine will 
be ooustantly striving to keep the cylinder full. 

The pipe D communioatea with aU the machines throughout 
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Che dookB which are to be worked by the prefleure of the water. 
The water is at an enormous pressure in the cylinder. We can 
eaeily calculate its amount when we know the diameter of the 
oylihder and the weight of W. 

Lot us suppose tliat the diameter of the cylinder is 10", and 
that the load w is 90 tons. The area of a circle is 

^ }; (ra<iiuB)a. 

7 

From this it will bo aeon at once that the area of the end of the 
plunger is 22 7 x 25 =. 78-5. 

Hence we have a pressure of 90 tons upon a surface 
of 78*5 square inches, and therefore the pressure on 
each square inch is 

90 -4- 78*6 c M5 tons. 

This enormous pressure is doubtless to some extent 
lost by friction through the ramifications of pipes by 
which the water is distributed ; but we may probably 
assume that in general the pressure must bo nearly a uu « 
ton on the square inch. At this enormous pressure a ®* 

very little water does a very great quantity of work. 

Let us calculate how much work is done for every 
pint of water that leaves the cylinder. A pint of 
water contains 35 cubi(^ iiichoH ; lionco, since the 
area of the plunger is 78'.5 inches, the weight must 
desoond 3B-f.7S-5 = 0-4SmchoB, 

in order to expel a pint of water along the tube d. 

Now, how many units of work lias the cylinder 

oxortod ? This is to bo f(juml by multiplying its weight in 

pounds by the distance through wlii(5h it descends in feet. 

0'45 -4* 12 = 0'on7r> 
is the distance in feet, and 

22 W X 90 = 201 GOO 

is the weight in pounds, hcnco tho number of units of work is 
201G00 X 0-0;J75 = 7500; 

that is, it would raise 7,500 pounds through one foot, or one 
ton through 75 jj 0 ^ 2210 = .’I' -i nearly. 

Hence, by tho consumption of one pint of water a ton weight 
can bo raised in any jiart of tho building througlx a distance of 
more than a yard. 

Tho mode of working tho machine will bo easily understood. 
Tho weight is constantly rising or falling, rising when no 
largo machines aro drawing oil’ tho water 
through i>, and falling whon tho machinos 
ore using the water faster than tho engine 
is sending it in. Thus, wheti little water 
is used it is stored iqi until there is a 
greater demand for it. 

The macdiiiiGs which are worked by tho 
power of tho water aro (d dllToront kinds. 

Wo shall say a few words about the con- 
etruotion of tho most imi)ortaTit (if thorn. 

Tho com is taken out of tho vessels by tho 
Uf (0 of machinery. An arm projects from 
tho warehouse, which supports an apparatus 
by moans of which little buckets upon a 
band descend into tho hold and return filled 
lyith corn. This corn, whon tho buckets 
reach the top of tho arm, is discharged into 
a shoot that carries it into the store, and 
tho empty buokots descend for another load. 

By this contrivanoo a vessel is unloaded with groat expedition. 
This maohino is worked by the pressure of tho water. 

Tho com is also hoisted from tho bottom of tho warehouse to 
tho top by means of an hydraulic hoist. This is a very remark- 
able maohine, and a description of it is the more neoessary, as it 
has come into very extensive use. 

The principle of the hydraulic hoist may bo understood by 
Fig. 8. This diagram shows the essential principle of tho 
machine, reduced to as simple a form as possible for the 
purpose of explanation. In consists essentially of an hydraulic 
press, and two pulley-blocks, one of which is attached to the 
cylinder, and the oUier to the plunger. The 00 m is raised in 
loads of about a ton, £rom the bottom of the store up to the 
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top, through, perhaps, a height of 60 feet or more. It is, there- 
fore, necessary to poll in the chain which is attached to the 
lift through a length of 60 feet. 

If we have a pair of four-sheave pulley blocks, and are 
raising weights in the ordinary way, it is evident from the 
account we have already given in Lesson 11., that 8 feet of 
ohain must be pulled out for every 1 foot that the load is 
raised. Now, if the pulley-block be so well constructed at the 
axles of the sheaves that there is as little friction as possible, 
tho weight will overhaul 1 that is, when lifting a weight, if we 
release tho lifting ohain the weight wUl desoend. 
It follows, then, that for every foot the weight 
descends 8 feet of ohain will be pulled in between 
tho blocks. For this to occur we must have, as 
already explained, less than half the total force lost 
by friction. Supposing, now, there were a weight 
of 8 owt. being raised, a force of 1 owt. would be 
necessary to lift it without friction, and about 2, or 
a little loss, with friotion ; but suppose the weight 
to descend, what strain can it produce on the lifting 
chain P It would produce a strain of 1 owt. in a 
friotionloss block, but owing to friotion the actual 
strain is less than this. Let us suppose it to bo ^ 
cwt., then the weight of 8 owt. descending will raise 
i cwt. 8 feet for every foot it descends. Hence 
wo learn that, if the blocks of a pair are forced 
asunder by a great pressure, the chain will bo drawn 
in through a distance 8 times as great as the 
distance through which the blocks are forced apart, 
and a strain will bo exerted upon tho chain thus 
drawn in, which wo may take as about one-sixteenth of the 
force pushing the blocks asunder. 

Lot us now apply those considerations to Fig. 3. Tho two 
block.s aro shown at D and k ; but tho chain is not introduced, 
for tho purpose of keeping tho figurq clear. The block E is 
firmly attached to the cylinder, and the lower block is forced 
away from it by admitting water at high pressure through tho 
I j)ipe A. Tho chain is attached to the upper block at o, it then 
passes down under tho pulley 1, over 2, under 3, over 4, under 
i 5, over 6, under 7, and over 8 ; to tho free end hanging over 8 
j the lift is attached. Now, supposing tho blocks be forced 
asunder with a pressure of about 16 tons, it is evident that the 
! free end of tho chain will bo drawn in with a force of one ton, 

I and 'will, therefore, bo able to raise a load of 1 ton. If the 
I stroke of tho idungor bo 8 foot, tho lift will bo raised 8X8 = 

I 64 feet. As tho pressure on tho water is very groat, the 
cylinder need not be very largo in order to 
produce sufficient pressure. 

There is considerable loss of power by 
friction in this arrangement ; but its com- 
pactnoss and convenience quite outbalance 
this slight disadvantage. The hydraulic 
hoist has but few parts, it cannot easily go 
oiit of repair, and it can be apj)lied wherever 
a pipe can be laid 'to carry the water to it. 

After tho load has been rtiised the water 
has done its work, and a valve is opened to 
permit its escape. The weight of tho lift 
then pulls tho ohain, this raises the plunger 
and expels the water, and ■fcho apparatus is 
ready for another load. 

The corn, when raised by the lift, is 
poured into a hopper, from which it descends 
to a weighing machine, which weighs it in 
loads of nearly a ton at a time. It is then 
carried by machinery to that part of the store in which it is to 
remain. The machinery by which this distribution is effected is 
very interesting. 

A large banci, about 18" wide, runs along the top floor of the 
building. This band is supported by rollers, and is worked by 
a small water-pressure engine. 

A view of a water-pressure engine, suitable for suoh a 
purpose, is shown in Fig. 4. There are two small oylindere 
resembling steam cylinders, and tho water is admitted to the 
sides of tiio piston alternately, just as the steam works the 
piston in tho steam cylinder. These cylinders osoillatef and 
tho rod of eooh is oonneoted with a crank on the horizontal 
shaft. Tho cylinders need only be of amaU dimensions, for the 
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{KreiBure of the water yaetly exceeds any steam-pxesBiue which 
could be used. 

The maohiue shown in Pig, 4 has been constructed by Messrs. 
Bamsbottom, of Leeds. We cannot do better than give the 
account of its use in the makers’ own words : — 

** The great requisite in water machinery is to maintain a 
constant and equal outflow to avoid concussion, for when the 
momentum of water has been generated in a given direction, 
and its motion is suddenly intercepted by a barrier in the form 
of a stop-tap, or imperfect valvular siotion, the result is not 
only destructive to the machine, but represents a considerable 
expenditure of meohanioal effect. For water-engines are nearly 
always double-acting, and in such oases the valvular action is 
duplicate, and we have made it a matter of the greatest import- 
ance in valvular construction to open and close the supply and 
exit ports slowly, and in such manner that the feed-way leading 
to one piston sh^ be in full effect when the other is absolutely 
closed at the termination of its stroke, and thus one set of feed 
and exit ways ore dying gradually away to termination of stroke 
as the other set are opening towards full effect on return-stroke 
of its piston ; and thus a valvular action is obtained, which not 
only avoids concussion but the loss of effect by avoiding the 
counteraction of pressure and untimely supply. We have 
several hundreds of water-engines employed for various kinds 
of work, with valvular action, as above described, and their 
efficiency, compactness, and convenience clearly show how much 
the advantages of hydraulic power are undor-ostimatod in many 
of our largest towns and cities, where numerous mechanical 
operations might bo better performed by this than any other 
kind of power whatever. A constant supply and adequate 
pressure in London would bo of immense value, for unlike 
steam this power is neither dangerous nor offensive, but is oon- 
tributivo to health and cleanliness ; and as in many coses the 
water posses directly in a pure state from the onginoa to the 
sewers, it forms a valuable flushing agent after use. Most 
machinery of a domostio character could bo driven by water 
power, thus avoiding much personal attention ; and the folding, 
pressing, and raising of goods of various kinds, as well as the 
working of hoists, the grinding of coffee or drugs, the driving 
of book -printing machines, and other uses too numerous to 
mention, attest the imijortanco of soliciting increased public 
attention to this moat natural of all the sources of motive 
power.' * 

On the shaft, which is turned round by a water-power engine, 
a large pulley is fastened. This pulley is enveloped by the band 
which runs on the rollers, and when it revolves it gives the 
band motion. 

After leaving the weighing machine the com passes into a 
second hopper, from an opening in which it is poured out upon 
the rapidly-moving band, and is carried along by the band at a 
l>rodigioua rate. About 60 tons of com can bo carried on one 
of those bands in an hour. By an ingenious arrangement the 
com can be throwui from one band upon another at right angles, 
and can thus bo made to turn round a comer. By means of 
shoots it can bo delivered into any comer of the building. 

There are many other applications of water-pressure hardly 
loss interesting than those wo have been considering ; but our 
space will not admit any further discussion of thorn. 
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VIII. 

FLESHY FRUITS (continued). 

The Lemon (Citrus limonuvi^ L.). — This plant is a native of 
the Himalaya mountains. It appears to have been brought to 
Europe about the time of the Crusades. The lemon is now 
cultivated in all warm climates. The principal supplies to our 
markets are received from Italy, Spain, Portugal, Trieste, and 
South Tyrol. The juice and rind are both officinal. Lemon- 
juice is peculiarly grateful and cooling, and is much used in the 
preparation of effervescing draughts, and as a beverage in febrile 
complaints. The juice owes its sourness to the presence of a 
peculiar acid, called citric, which is easily separated by ohomioal 
^ans. It is one of the most powerful onti-Bcorbutio medicines 
TOown.^ That dreadful disease, the scurvy, has hardly been 
known in our navy since limes and lemons were ordered by law 
to be carried by all vessels sailing to foreign parts. 


There are several other species of Citrus whioli are largely 
imported ; as, for instance, the Citrus Umettaf or lime, which is 
about one-third the size of a common lemon, and which is ex- 
ported in the ^eon state, in order to preserve the delightful 
aroma of its rind. The preserved lime comes to us in small 
kegs of about 7 lb. weight. The Citrus hergamiccy or bergamot, 
bears a fruit closely resembling the lemon. As a preserve it is 
need os a substitute for citron, but its chief value lies in the 
oil obtained from it — the well-known bergamot so much used 
in perfumery. 

Grapes (VUia viuifaray L.). — The fruit of this vine not only 
furnishes us with a variety of wines, but is itself imported into 
this country both in the fresh and the dried state. I'hough 
at one time comparatively few grapes came to England in a 
fresh state, the quantity thus imported is now largo. They 
suffer in their flavour from being closely packed, and still more 
from the use of sawdust as a packing material. Baisiiis, or 
dried grapes, are far more abundantly imported. These are 
prepared sometimes by cutting tlio stalks of the bunches half 
through, and leaving them suspended to the vino until suf- 
ficiently dry, which in this state they rapidly become, without 
losing any of their ff lo flavour or bloom ; the usual mode is to 
expose the grapes to the sun and air for a while, then lay them 
out in rooms, and sprinkle them with water in which soda or 
potash has been dissolved. This causes the sugar of tlie grapo 
to candy, ft)rming those little sweet lumps so well known in the 
common raisin. Tho differences amongst the raisins are caused 
entirely by difference in their mode of culture or curing. Thus 
we receive sioneless sultana raisins from Smyrna, in Turkey ; 
fine muscatels, or sun-dried raisins, in bunches with the stalks 
still attaches, from Malaga; Damascus raisins, much larger than 
tho sulttinas, stonolcss also, and preferred to the Smyrna niLsins, 
from Damascus ; and lastly, the ordinary raisins from Valencia, 
and from tjio same countries and ports where tho grape is 
cultivated. 

Currants arc only tho raisins of a small grapo, also doficiont 
in seeds or stones, growing in huge bunches, often as much as 
eighteen inches long, and of proportionate breadth. They ore 
trod into largo casks, and exported. Enormous quantities are 
cultivated m the (Grecian islands, i)rincipally in Corfu, Zanie, 
a.Tid Ithaca. Originally, Corinth was tho principal place where 
they were raised, whence tho name “ Corinths,” from wliitrJi tho 
word ** currants ” has been derived. In 1886, 841,066 cwts. 
of currants, valued at ^^1,078,622, and 493,673 cwts. of 
raisins, valued at .£812,988, were imported into tho United 
Kingdom. 

Fig (Fictis caricuy L. ; natural order, Uriicaccw). — This is a 
very valuable and extensive genus of tropical and sub-troidcal 
plants, some of tho species attaining an enormous size, as the 
Ficus indica, or celebrated banyan tree. The fig tree, originally 
a native of Asia, now flourishes in Southern Europe, on all tho 
islands in tho Mediterranean, and especially in Asia Minor, 
Northern Africa, and tho Canary Islands. 

The fig, considered botanically, is a very remarkable form of 
fruit, being just the rovorse of that of the strawberry, in which 
the minute pistils are scattered over tho exterior of the enlarged 
succulent receptacle; whereas in tho fig tho infloresticnco or 
]>OBition of tho flowers is conoealod ^^dthiii the body of the fruit. 
There is sometimes a failure in the fig crop, when it is not 
properly attended to, in consequence of tho fiistils of tlio florets 
not becoming duly fertilised by tho X)ollon of the stamens. It is 
supposed that this operation is caused naturally by the entry of 
insects through the very small orifice which remains op«3n in tho 
flowering lig ; the fig-growers therefore adopt an artificial means 
of ensuring fertilisation — a small feather is inserted and turned 
round in tho internal cavity. This operation is called “ca- 
prification.’^ 

Figs are sent to us in largo quantities from Turkey and Greece 
—those from Turkey being the best. The fig, after having 
been gathered from the trees and dried in the sun, is usually 
packed in squaije or circular boxes, the latter being called 
drums.” A few bay loaves are put upon the top of each box, to 
keep tho fruit from being injured by a grub, which feeds on it 
and is very destructive. The Maltese figs are vory good, but 
those which come from Smyrna, called “Eleme,” or “Elemi,” 
are the best. 

The fig is nutritious, laxative, and demulcent, acting gently in 
oases of habitual constipation. Boasted and split, it is some- 
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timos a|)plied to gum-boils and other oironmaoribod matoratixig 
tumours. It waa used by Hezekiah as a remedy for boils 2,400 
years ago. (See Isaiah xxxviii. 21.) 

In 188G there were imported into Great Britain 114,253 owts. 

Tuxued at JB21 1,276. 

lu-NJc [rrunuif doTnestica, variety juHfina; natural order, 
jfoaaccai ). — Dried plums, under the names of prunes and French 
plums, form an important article of commerce. The prune is 


quantify annually imported into England has increased very 
greatly of reoent years. 

PoMSGBANATB {tunica granatum, L. ; natural order, 
Myriacea). — A. small evergreen shrub, resembling a myrtle, with 
numerous slcjider spinose branches ; leaves opposite, entire, 
lanceolate, bright green, and sessile ; flowers largo, terminal, and 
I rich orimson in colour. The fruit is about the size of a largo 
1 poppy head, and similarly shaped ; its rind hard, leathery, and 

Vittati+iifnllir nnlmiTOt^ ♦ 
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dried in the sun ; the 
prunes are then 
thrown together and 
pressed into barrels. 

Wo receive them in 
large quantities from 
France. The imports 
in 1886 amounted to 
21,124 owts. 

Prunus dumestica^ 
variety caiherinea^ is 
the French plum or 
table prune. Those 
are more carefully 
prepared for market. 

They generally come 
over in very elegant 
bozos called cartons, 
into which they are 
neatly packed one by 
one. In 1880 there 
wore imported 12,523 
cwts. 

The Date Pai.m 
(Phwnix dactylijhra, 

L.). — This palm has 
been known and 
prized from the ear- 
liest antiquity ; it is 
frequently referred to 
iti the Bible. The 
fruit is very nourish- 
ing and wholesome, 
and grows in bunches 
weigWng from twenty 
to twenty-five pounds. 

Every part of this tree 
is useful. Its hard 
wood is employed for 
building ; its loaves 
ore made by the 
natives into mats, 
baskets, and drinking 
bowls of groat neat- 
ness ; its seeds are 
ground to make oil ; 
and its fermented sap 
forms an excellent 
wine. 

In Corsica, Sar- 
dinia, and in Southern 
Greece the date palm 
is planted only as an 
ornamental tree, as its 
fruit does not mature 
in these parts, or ripens only imperfectly. In the very warmest 
districts of Spain, around Valencia, the fruit oomes to perfec- 
tion, and ia exported. The date palm is indigenous to Arabia 
and Northern Africa, where it is very abundant. In those 
oountries plaTitationg of these trees are sold as estates, and are 
often the wedding portion of the bride. In some parts of Arabia 
this palm sometimes forms almost imponotrablo forests when 
neglected by the Arab of the desert, who usually considers every 
kind of cniltivation beneath his dignity. More frequently, how- 
ever, it is found in a solitary state near a spring, thus present- 
ing to the thirsty traveller a welcome signal, which assures him 
of water for refreshment, and of a friendly shade for repose. 

The best dates ooxne to us from Tunis vid Marseilles, The 


yellow, with a rosy 
tinge. When the rind 
is broken, the interior 
of the fruit is found 
to be filled with 
numerous seeds, each 
enveloped in a rose- 
coloured pulp, packed 
together in two rows, 
with partitions of pith 
between them, and 
closely resembling red 
currants. 

There is scarcely a 
part of the pome- 
granate that is not 
either useful or agree- 
able. The pulp of the 
fruit is refreshing to 
persons suffering from 
fever. The seeds and 
flowers dried form a 
valuable medicine, and 
are used in dyeing, 
and the rind is om- 
I)loyedin tanning and 
preparing the finer 
kinds of leather, as 
the morocco, so much 
used for bookbinding. 
The pomegranate ia 
a native of Northern 
Africa, Syria, and 
Persia, but it is now 
naturalised in the 
warmer parts of Eu- 
rope, the West Indies, 
and the Southern 
States of the American 
Union. It was known 
to the ancients, is 
mentioned by Homer, 
and also frequently 
referred to in the 
Bible. We reoeivo 
annually a consider- 
able number of ohosta 
of pomegranates from 
Portugal, and some- 
times from Barbary. 
Ihis tree is frequently 
cultivated as much 
for the beauty of its 
flowers and foliage as 
for its fruit. 

Tamarind (Tamarindua indica^ L. ; natural order, Legu. 
minoBCd). — This is a large tree, with spreading branches, and 
abruptly pinnate leaves, the leaflets closing in the evening or 
in cold, moist weather, like those of the sensitive plant. The 
flowers are in simple racemes, the petals yellowish, variegated 
with red veins ; these are suooeeded by an oblong, compressed, 
one-oeUed, brittle, brown pod, from three to four inches in 
length, which encloses from six to twf Ive brown, flattened, 
hard, polished seeds, enveloped in a soft pulp, the whole being 
held together by a number of thick root-l^e fibres which pene- 
trate it in all directions. 

The tamarind is common in the East Indies, where it is indi- 
genous, and grows in great perfection. It is now introdaoed 
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axid eztenuTelj onltiTated in the West Indies and in South 
America ; but the fruit there is not equal to the East Indian, 
haying much less saccharine matter in the pulp. The tamarinds 
from the East Indies are darker, have a larger and sweeter pulp, 
and can be preserved without sugar ; those from the West Indies 
require sugar, and are sent over preserved in a thick saccharine 
i^yrup. 

Tha tamarind pods are gathered when ripe, a fact known by 
their brittleness ; the fruit is removed from the pod, placed in 
layers in a cask ; boiling syrup is poured in ; and when the cask 
is filled, and its contents have cooled, it is headed down for 
exportation. 

In tropical countries the tamarind is much esteemed for its 
cooling qualities ; its taste is acid and agreeable, and it assuages 
thirst. Tamarinds are principally employed in this country to 
form cooling medicinal drinks. Large quantities arrive annually 
from the East and West Indies. 

Banana (Mtusa aapientumt Toumef . ; natural order, Musacecs). 
—This may be called a stemleBS plant, for its gigantic leaves, 
with their long petioles, are shoaihing aiid imbricated at their 
base, and form, by their union, a spurious trunk, often many 
feet in height. The leaves are from four to six feet in length, 
rounded at each end, and about eighteen inches in breadth 
throughout their whole extent ; they have a strong mid-rib, 
parallel, lateral veins, and are of a beautiful emerald-green 
colour. The flowers are spathaceous, and produce large clusters 
of succulent indehiscent fruits, each fruit being an inch in dia- 
meter and about six inches in length. When ripe, the banana 
acquires a rich golden-yellow colour ; the outer envelope or exte- 
rior of the fruit is easily removed ; the inner portion consisting 
of a rich cream-coloured pulp contains a considerable quantity 
of sugar and starch. 

The banana forma an important article of food in the tropics. 
Some idea of its fruitfulness may bo gathered from the statement 
of Humboldt, that the same space of ground which will grow 
thirty pounds of wheat, or ninety-nine pounds of potatoes, will 
afford 4,000 pounds of bananas. Those intended for exportation 
are generally gathered green and unripe, but soon acquire, on 
being kept, that golden tint which marks maturity. Several 
other species of Musa produce similar finiits. Musa paradisiaca 
yields the plantain, a fruit bearing a close resemblance to the 
banana, and equally nutritious. 

Pink -Apple {Ananassa saliva, Lindl. ; natural order, 
Brortieliacccp). — This is a stomlosa plant with rigid, re-curved, 
channelled, and spinoso leaves. The fruit is called in botany a 
sorosis, and consists of a union of the ovaries, floral onvolopea, 
and the succulent axis of the inflorescenoe, which become pulpy 
and confluent with each other. The fruit is so acid in the wild 
state, that when eaten it removes tho skin from the lips and 
gums ; cultivated, it becomes sweet ajid agreeable to the palate, 
and richly nromatio. 

Originally indigenous to tho Bahama and Bermuda Islands, 
tho pine-applo, owing to its value as a fruit, and its capability 
of becoming naturalised, is now cultivated, not only in the East 
Indies and Africa, but in all parts of tho world where it can be 
grown either by natural or artificial means. Owing to tho in- 
troduction of steam navigation, vessels can now bring ripe pine- 
apples from tho West Indies to England in pretty good con- 
dition ; and their importation has become a very extensive 
trade. Consequently, this fine fruit is often sold in liOndon 
and other large towns at a cheap rate compared with the 
price asked for those grown in English hot-houses. English- 
grown pine-apples are worth from ton to twelve shillingB 
per pound, whilst those imported rarely exceed half-a-crown 
for the entire fruit. Inferior pine-apples are frequently sold 
in the streets at a penny a slice. 

ih.) NUTS. 

Hazel Nut {Corylus avellana, L. ; natural order, Cupuli- 
ffl'Diiliar edible nut is found growing wild in tho 
United Kingdom, in the forests of all parts of temperate Europe, 
and in many places in Asia. The consumption is immense, 
especially amongst children ; and many thousand bushels arc 
annually brought to this country from Spain, Sicily, Smyrna, 
amd other places. The filbert is only an improved variety of 
the common hazel nut, and although occasionally imported, is 
usnimy cultivated in sufficient quantities in England to supply 
the demand. * 


_ COLOUR— V. 

By Profsssob A. H. Chuhch, M.A., Boyal Academy. 

THE BECONDABT AND TERTIARY COLOURS— -CONTRASTS OF 
TONE AND OF COLOUR. 

Secondary colows may now engage our attention. On referring 
to the central figure in the coloured diagram, it will bo seen 
that the three primarioa occupy the angles of the first triangle, 
and the three secondaries the angles of the second. If we repre- 
sent the same arrangement without colour (hlg. 13), we shall 
be able to point out very clearly the constituents of each com- 
pound colour. The three small triangles marked 1. contain the 
three primary colours, while those marked II. contain tho three 
secondary colours. When equivalent quantities of yellow and 
red are mixed, orange is the result — a secondary colour equally 
distant from yellow on the one side and red on the other. It is 
commonly hold that, with material pigments, throe parts (by 
surface measurement) of a good yellow require five ports of a 
good red to form the normal orange. Tho eight parts of the 
normal orange formed in this way will servo as a complementary 
equivalent to eight ports of the normal blue. But, after all, 



these and similar numbers ore merely approximate, serving just 
to indicate the direction in which one coloured constituent must 
preponderate over another in such mixtures as the :3econdary 
colours. When yellow and rod are mixed in proportions differ- 
ing from those necessary to constitute tho normal orange, the 
resulting colour becomes a yellowish-orange or a reddish-orange, 
according to tho predominance of either of tho constituent 
primaries: countless variations of a secondary colour in this 
direction are possible. Indeed, as we have already shown, most 
of our coloured matoriale, usually regarded as exhibiting primai'y 
colours, in reality furnish ns with secondary hues of this kind, 
though their mixed oharacter is not perceived by the unassisted 
vision. 

Tho following list shows tho imaginary or theoretical com- 
position of the throe secondary colours, and their six chief 
modifications or hues. Tho letters Y, R, and B represent tho 
equivalent proportions of the three primaries — yellow, red, and 
blue ; tho equivalent of yellow being assumed to bo 3, of red 5| 
and of blue 8 : — 

SECONDARY COIX)UttS. 

Y + R ~ Orange. 

E + Violet, 

B + Y — Green. 

SECONDARY HUES. 

2Y + U = Yellowish-orange. 

Y + 2B = Heddish-orange, 

2R 4- B = Eeddish-violot. 

R + 2B = Bhush-vlolet. 

2B + Y “ Bluish-green. 

B + 2Y ~ Yellowish-green. 

Orange . — This colour is the most powerful and brilliani- of 
tho three normal socoiularies. It is socn in tho pigment known 
as cadmium yollow (the cadmium sulphide), and in tho skin of 
a rich-colonrcd ripe orange. To make a pure and bright orange 
by mixture, it is essential that the yellow pigment should incline 
to rod rather than to green, and tho rod pigment to orange 
rather than to blue. If tlio contrary be the. caru?, and a grconlsli' 
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yellow pigment bo mixed with a'red, or a yellow with a violet- 
rod, a certain amount of grey is produced by the combination 
of the throe primaries present, and a dulled tone of orange is 
the result. The worst effect of this kind is produced when a 
greenish-yellow is mixed with a violet-rod. Gamboge and 
<}armxne form an orange far inferior in purity to that produced 
by the admixture of chrome yellow and vermilion. 

Violet is the least powerful of the secondary colours. The 
aniline dye known as mauve may bo taken as sonmwliat near 
the normal violet. Many other artihoial colouring matters made 
from the products of coal-distillation also approach this beauti- 
ful colour. Violet usually appears much rodder and duller by 
candle- or gas-light than by daylight. The yellow and orange 
rays which are present in peculiar abundance in most artifioial 
lights, neutraliao some of the blue in the violet, forming there- 
with grey, and at the same time sotting free, as it were, the 
red element of this secondary combination. To mako a pure 
and blight violet by mixture, it is essential that the red pig- 
ment should incline to blue rather than to orange, and that the 
blue pigment should incline to red rather than to green. Ver- 
milion and cobalt produce a very dull and oorthy-looking com- 
bination, owing to the presonco of oraiigo in the former colour 
and green in the latter. Oarraino and nltromarino afford a 
more satisfactory mixture. 

Qrcen is more vivid than violet, but loss so than orange. It 
occupies a considerable space in the solar spectrum, where, 
however, much of the green light has a yellowish hue, and somo 
of it inclines towards blue. Emei-ald green is in reality far 
from reflecting pure green light only to the eye. Its spectrum 
is simply deficient in red and orange rays, yet ovtm those are 
by no means absent. The now “ aniline green,” wliich retains 
its characteristic and brilliant colour by artificial light, absorbs, 
when of sufficient purity and in sufflcieTit amount, nearly all 
rays except the green. When a pioco of cotton dyed with this 
green is interposed between a light and the spootroscopo, it will 
bo found that about six thicknesses of the fabric arc rocpiiHite to 
Btraiii off all the rod rays. But this result may bo accom- 
plished more easily by a solution of the colouring matter ; for 
in this ease there are no interstices through which light can 
pass, and thus escape the soloctivo absorption of the pigment. 
Viridian, the beautiful and permanent chrome green introduced 
of late years, transmits the green rays or green portion of 
the spectrum unchanged, but along with them a small portion 
of the rod and of the blue rays. In producing a green by ad- 
mixture of yellow and blue, it is important to take a yellow 
and a blue both free from rod. A greenish -yellow and a 
g^cnish-bluo, or else a pure yellow and a pure blue, may be 
successfully used. Notwithstanding its brilliancy, cadmium 
yellow, which is really an orange, cannot be made to yield a 
satisfactory green by the addition of any kind of blue ])igmont. 

Tertiai'y Coloura have now to bo considered. Eoferring back 
to our diagram (Fig. 13), we find six spaces marked III. Each 
of those spaces is immediately contiguous with a space (marked 
I.) assigned to a primary, or to a space (marked II.) assigned 
to a secondary colour. Wo have already alluded to the fact 
that the so-called tertiary colours ought, strictly speaking, to bo 
regarded as nothing more than dulled tones of the primary and 
secondary colours. Indeed, it is impossible, on the theory of 
the throe primaries together forming gr<iy, to have any colour 
which shall exhibit the colour-eifoct of more than two of them 
together. An examination of the comijosition of the tertiary 
colours will oxpLun this point. Using again our former sym- 
bols for the primaries, and letting Gy stand for grey, wo may 
express the constituents of the six normal tortiarios thus : — 

2Y-i- R+ B = Y-f Gy »= Yellow-grey, or citrine, 

2Y + 2R+ B=«»Y-»*R + Gy™ Orange-grey, or bu/. 
y + 211 + B = B + Gy *= EedclisL-grey, or rusact. 

y + 2B + 2B R + B Gy = Violot-gftjy, or plum. 

Y -t- B -f 2B li Gy = Bluish-grey, or elate. 

2Y B 2B — Y + B + Gy “ Greouish-grey, or eaffe. 

It is commonly stated that the tertiary colours ore com- 
pounded of the secondary colcrurs. Thus the two secondaries, 
orange and green, are assumed to give rise to the tertiary 
colour known as citnne. This hue is really nothing more than 
a yellow-^y; for its orange conatitnent contains yellow and 
rod, and its green oonstituent yellow and blue. Subtracting 
equivaleiits of the three primaries, so as to form grey, we have, 


therefore, nothing but a residue of the primary yellow, to pro- 
duce the whole oolour-effect of the mixture of the seoondi^ea 
orange and green. This residual yellow is dulled by the pre- 
sence of the grey which is the product of mixing equivalents of 
pigments representing the three primaries. The colour com- 
plementary with citrine or yellowish-grey is violet, which, of 
course, supplies the blue and red which have been extinguished 
in the former hue. 

The secondary colours orange and violet produce, when 
mixed together, the tertiary hue known as russet. It is really 
a reddish-grey. Some autumnal leaves present good examples 
of this colour. Its complementary is green, which supplies the 
yellow and blue which are wanting in russet. 

The secondary colours green and violet produce, when mixed 
together, the tertiary hue often called olive, but which may, 
perhaps, bo more correctly designated slate. It is really a 
bluish-grey. The complomoiitary colour is orange, which sup- 
plies the missing rod and yellow constituents. 

We may here name, as other and very useful tertiary hues, 
those known as buff, plum, and sage. Buff, or orange modified 
by grey, may bo produced by the addition of rod to citrine, or 
by mixing the three primaries so that yellow and red pre- 
dominate. Sage-green is produced by the addition of yellow to 
slate-colour, or by mixing the three primaries so that both 
yeUow and blue predominate. Plum-colour is a violet-grey 
produced by the addition of blue to russet, or by mixing the 
three i)rimarie8 so that both blue and rod predominate. 

Numerous other tertiary hues, besides the six just named, are 
constantly observed in natural objects, and may bo reproduced 
with groat advantage in decorative art. It is, however, very 
difficult to describe the composition and character of such 
colours. 

Contrasts of tone and of colour . — If there be the slightest 
difference either of tone or of colour in two contiguous or neigh- 
bouring coloured or shaded surfaces, that difference will not bo 
seen exactly as it really exists. Under snob conditions, cither 
the retina of the eye receives an impression which does not 
actually reproduce the facts of the exterior phenomenon, or the 
niossago transmitted to the brain is itself modified. Whatever 
the exact cause, tlm study of the subjective modifications of tone 
and colour is one of the most imi^ortant branches of our pre- 
sent series of lessons. Wo shall describe, first of all, contrasts 
of tone, and then contrasts of colour. 

Contrasts of tone may be either sucoossivo or simultaneous. 
Of the fir.st kind, wo have examples in the facts that a dark- 
toned piotJO of cloth or paper looks lighter if we have imme- 
diately before been looking at a still darker piece ; and that a 
light- toned piece looks darker, if wo have immediately before 
been looking at a still lighter piece. The following are illustra- 
tions of the facts of the simultaneous contrasts of tones -We 
first take two strips of palo-grey paper, and fix them a few 
inohos apart towards one side of a piece of linen stretched 
across a window. Two similar strips are next prepared, but 
they are to be of a considerably darker tone. One of these is 
placed BO as to touch one of the first strips ; the other is fixed 
at some few indies’ distance. The following sketch shows tho 
arrangement of the strips ; — 


Palo, Pulo. Dark. Dark, 

A A' B B' 


Upon steadily looking at the four sheets for a short time, it 
will be perceived that a' close to B seems lighter than A, while 
n close to A^ seems darker than The effect of contrast in 
altering the tone of the contiguous strips a' and B may be 
further studied in this way. Make such openings in a piece of 
card as to divide the strips A and B each into three portions. 
It will then bo noticed that the two nearest portions are most 
contrasted in tone, and the others less so in proportion to their 
distance from the lino of contact. But the effect of contrast of 
tone is still better seen when a more complete series of toned 
strips is placed in contiguity. In such a case the efibot on all 
the strips, save the end ones, is that of a double contrast. The 
second strip, or second tone, has one side of it made apparently 
darker by reason of the oontiguity of the lighter tone of strip 
1, while the other side seems lighter by the oontiguity ot ihit 
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dftfker tone of strip 8. The genwal reetiH of these double 
oontraets is that the whole series or scale of tones presents 
the appearance of a number of hollows,^ although, in fact, the 
apparent hollows are perfectly flat spaces of shining or colour- 
ing. The effect is approximately represented in Fig. 14, where 
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the real flatness of each tone of the six may bo verified by 
covering up all the other spaces by a card. The same diagram 
of contrast of tone may bo made more effective, by dividing a 
slip of card into several equal sections — say, six — by faint 
pencil linos, and then giving all six a light wash of Indian 
ink. Next, when this is dry, five sections receive a seoond 
similar wash. Afterwards the same process is repeated until 
the third section has received tlirco washes, the fourth section 
four, the fifth section five, and the sixth section six. In carry- 
ing out the process, all sections, except tht)se being submitted to 
the operation of washing, should be hid from view. Without 
this precaution it is difficult to secure a flat tint in each strip. 
If a scries of pieces of grey paper of the same colour, but of 
different tones, are obtainable, they may bo used in the con- 
struction of the same figure. They should bo of equal size, and 
be pasted close together on a strip of cardboard ; or a strip of 
glass or gelatine may be so arranged as to present at one end 
one thickness of the material, and the other end six or more 
thicknesses. On looking through the series, especially if a 
piece of white enamel glass, or a shoot of white paper, bo placed 
behind, the effect of simultaneous contrast of tone will be 
oloarly perceived. It is scarcely nocessary to state that the 
tones of any paiticular colour may bo used ns well as grey to 
illustrate this kind of contrast. Us characteristic effect is not 
seen unless the contrasting tones differ considerably in inten- 
sity, and are fu close contiguity or absolute contact. 

Contrasts of colour aro always more or less complex in cha- 
racter. There is, to begin with, the actual or objective diftcr- 
onco between two colours, and thou, suponidded to this, wo have 
certain subjective modifications, of an ocular or mental kind, 
which all contrasted colours produce. Further than this, it is 
rare to find any contrast of colour in whioh the offocts of con- 
trast of tone are not likewise present. We shall have to speak 
ill a future lesson, and with coiisidorablo detail, of the practical 
results of all the circumstances which affect contrast of colours, 
and so now we merely introduce this subject by a few words on 
the successive and simnltanoous contrast of colour. 

If the eyes have steadily regarded some coloured object, and 
then look at a colourless object, that object will assume a tjolonr 
complementary to that of the former, or will prosoiit an imago 
of tlmt object in the comi>leinontary colour. If the second 
object bo itself also coloured, but differently from that first 
Tiowod, then the complementary colour will mingle with that of 
the second object, and modify its proper colour accordingly. 
But even a third case of successive contrast may occur. Sup- 
posing we look steadily at a scries of pieces of scarlet cloth, one 
after another being placed before us ; the eye, fatigued with the 
repeated calls on its perception and appreciation of scarlet, 
becomes incapable of estimating the series of identical speci- 
znons, and reports the last specimen to bo duller than the first. 

eye has beoomo less appreciative of red, and more apprecia- 
ttve of the other colours. It sees less rod, and more green than 
before. This green mixes with the red of the later specimens of 
cloth, dulling and modifying them. The eye may be rested and 
restored to its proper condition by gazing upon a piece of green 
’*'^b®n its power of appreciating red will once more return. 

The simultonoous contrast of colours was first thoroughly 
worked out by the French chemist, Chevreul. It is the most 
fe^e of all the laws of colour in the elucidation of the actual 
^onomena of contrasts, and in the suggestion of new oom- 
mnations. When two ooloured objects are seen at the same 
tixiM, they usually mutually affect each other both in colour 
and tone. A yellow object, for example, placed close to a blue 


one, will appear as if it inclined to orange, whfle the blue 
object will seem to incline towards violet. The reason of this, 
on the assumption that yellow, red, and bine are the primary 
colours, is that the eye looking at yellow becomes less able to 
appreciate it, and sees the remainder of the primary colours, 
red and blue, that is, violet. This violet mixing with the con* 
tiguouB blue colour tinges it with a faint trace of red. So with 
the blue objoc t : the eye looking at the blue becomes less able 
to appreciate it, and sees the remaining primaries, yellow and 
red, or orange, the oomplomentary of blue, which orange is im- 
parted to the yellow, giving it a reddish hue. But blue and 
yellow differ muoh in their respective value os regards tone. 
The luminous and brilliant yellow becomes still more brilliant 
by contact with the richer and deeper blue, which itself is a/t 
the same time doeponod, so that under ordinary oiroumstanoea 
those two colours afford a combined example of simultaneous 
contrast of tone and colour. But two complementary colours, 
such as red and greon arc presumed to bo according to the 
common theory, do not modffy one another’s colour by oontiguity. 
Theoretically, they contain the three constituents of white 
light, and the eye perceives no deficiency or excess of any 
coloured elements in the combination. So rod and greon merely 
enhance each other’s characteristics wlion in contact. Thus it 
is with orange and its complementary blue, and with other 
pairs of complementary colours. 

By placing strips of colour(‘d paper together, a few of the 
chief phenomena of simultaneous contrast may bo easily ob- 
served. Wo hero give a list of some of the modifications of 
Imo which coloured surfaces sooni to undergo when placed in 
contact in pairs : — > 


Hod iuclinos to violet. 

Orange iuclinoB to yellow. 

Eod with orunge ,, 

,, yellow. 

Orango with violet,. 

blue. 

Rod 

,, violet. 

Yellow 

orunge. 

Eod tcitli yellow „ 

,, greon. 

Yellow tviih green ,, 

blue. 

Rod 

oratigo. 

Yellow 

orange. 

Rod with blue ,, 

green. 

Yellow with bluo 

violet. 

Rod ,, 

orange. 

Groon 

yellow. 

Rod with violet ,, 

blue. 

Green with blue 

violet. 

Orange „ 

rod. 

G reeu 

yellow. 

Orange xvith yellow „ 

green. 

Green loith violet 

red. 

Orange „ 

mil. 


green. 

Orango with groou „ 

„ bluo. 

1 llluo with violet 

red. 


TECHNICAL HKAWING.— XVI. 

DEAWINa FOE MACHINIHTS AND ENGINEEES. 

Fig. 172. — This study is intended as an exercise in the use of 
the set-square of 00'^. 

Having constructed the containing rectangle, dravfv' .iagonalo 
by means of the set-square resting on its shortest side on the 
T-squaro, All lines drawn against the hypothonuso of the sot- 
square in this position will be at 60° to the horizontal lines and 
at 30*^ to the perpendiculars. 

Now divide the base into the required number of equal parts, 
and draw lines from them i>arallol to both ditigonals. This is 
done by turinng the set-squan^ These lines will cut the per*, 
peiidicular sides of the containing figure, and from the points 
thus obtained lines parallel to the diagonals may again be drawn 
as before. 

To test the correctness of your work as you proceed, (1) 
Draw the horizoiital line A b, which should pass through all the 
intersections at that height. 

(2.) Draw the perpendicular o d, which should pass through 
all the intersections at that distance from the aide. 

(3.) Join any two of the points on a line drawn, as A b, and on 
E F oonstruot two equilateral triangles ; the apex of the one 
should be on the intersection g, and the other at H. 

If the drawing does not fulfil all these conditions, there is somOa 
thing incorrect in the construction ; and as the error would cause 
all the work based upon this original figure to bo inaccurate, it 
is advisable to rub it completely out and start afresh. The 
most economical plan is, therefore, to work with the utmost oara 
in the early stages, on whioh all the subsequent operation: are 
based. 

Fig. 173 is another design for a oast-iron grating, as an appli* 
cation of the foregoing study. 

Having carried your work up to the stage shown in the laat 
lesson, it beoomesneoessary to mark the width of the eroas-banu 
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Now in Fig. 170 this was done by setting off half the required 
thiokneBs on each side of the interseotioii ; but it will be evident 
that in the present instonoe this would not answer the purpose) 
as the lines interseoting are not at right angles to each other, 
and therefore the measurement set off on them would not give 
the correct width. Therefore, at any point (as a) draw a line at 
right angles to one of the cross-lines, and on this, on each side 
of the intersection, set off the half-width of the bars — ^viz., h, c 
— and through these points draw the required linos cutting the 
orosB-lines in d and e. This length, therefore, may be set off 
from each of the intersections, and the required widths of the 
bars will thus be obtained, ^e centres for the circles are, of 
course, the intersections of the primary lines. 



If a large circle is to be drawn, the inking-leg of the oompaMi 
should be bent at the joint to allow of both the nibs of the pen 
touching the paper. If tMs is not done, the outer edge of the 
circle will be ragged. For small circles, bow-compasses are 
necessary. These, which have been already described (page 12)* 
aro small compasses with a neat handle at the top, by means of 
which they may be twirled round between the finger and thumb 
with the greatWt ease. The best kind are made with joints 
in both legs, by means of which the steel point and the pen or 
pencil can be made upright, and thus far better work is secured. 
For still smaller circles spring-bows^’ are used. These are 
very small and refined instruments, which open by means of a 
spring instead of a joint, and are related by a screw ; they are 





Fi^. 174, 175, 176, 177. — These figures arc simply intended 
to give practice in drawing concentric circles, llie greatest 
care is necessary in this operation. The compass should bo held 
loosely between the forefinger and thumb ; the pressure on the 
stool point should bo so very little that scarcely a mark is made 
on the paper. If by carelessness or prossui’o the i>aper is pene- 
trated, the hole will be mode larger as each circle is drawn, and 
of course the centre becomes no longer true. Thus the circles 
will not be parallel to each other, nor will the curve on ending 
meet the starting-point. 

As concentric circles are of constant occurrence in mechanical 
drawing, it is important that the student should acquire the 
power of drawing them with the utmost precision and facility. 
The pencil-leg should bo allowed to trail over the paper, and 
where numerous concentric circles are required it will be found 
in many oases unnecessary to pencil them ; the radius of each 
may bo merely marked on a line drawn through the centre, and 
the circles themselves can then be at once drawn in ink. 


only sold in the better class of boxes, but a set of bow-oompassea 
(three) can be purohased in separate small oases. 

Fig. 178. — This study is designed to afford practice in joining 
arcs. The first lino to be drawn in this case is the horizontal. 
On this describe a semicircle, A B. From the point where the 
semicircle meets the straight fine (viz., b), set off the radiuB 
viz., B c), and from c describe the next semicircle on the opposite 
side of the line, carefully observing that the semicircle starts 
accurately from b, and that the joint is effected without any 
thickening, the curves running into each other so as to form one 
smooth wave-lino. When the student can accomplish this, the 
drawing of a wave-line of a given breadth may be attempted.^ 

Having drawn the centre line as above, set off as the radius 
on each side of B half the required breadth — viz., b b and B F ; 
then with radius extending from the centre to each of these points 
in tarn describe the semicircles required. Joining curves to 
straight lines occurs frequently in mechanical drawing, and this 
is therefore made the subject of the following study. 
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Fig. 179. — ^The object Here represented is a portion of the 
framing of a small ** table engine.'* 

Haring set off from the centre line, A, the half-width of the 
framing, a b and A o, erect perpendiculars. Draw the horizontal 
surface at the top and the edging d, b. 

Now set off from A the distances F and e, for the width of the 
opening, and from A set off also a h and A i, so that F H and a i 
may be equal to b d and e c, the edging of the framing. 


the curves first, as it is easier to draw a straight line to meet a 
enrve than the reverse. 

Fig. 180. — This is an elevation of the pillar supporting the 
governor/* from the same small engine. It is supposed that 
but little trouble will be found in drawing this figure, as far as 
the straight portions of it are concerned. 

Draw the ground line and opntral perpendicular, on which set 
off the heights for the horizontals. When these have been 



From H I a F erect perpendiculars, and at j k and l m draw 
horizontal lines. 

From L and m set off l n and M o equal to L J or m k, and at 
^ ^ erect perpendiculars, cutting j k in p and Q. 

^ i^m N and o, with radius n l or o M, describe quadrants 
joining l p and M q. From N and o describe quadrants, with 
radius n r or o s, catting n p and o Q in T and u. 

Join p Q and t u, which will complete the framing. 

The manner in which the curves at the foot of the framing 
are obtained being precisely similar to those above, no instruc- 
tions concerning them are deemed necessary. 

Dtwrue.— -When curves are to be joined to straight lines, draw 


drawn, the widths are to be set off from the centre line. The 
points a b and c d having been joined, it only remains to describe 
the curve at e / and that on the opposite side. This curve is 
the arc which is formed by using the apex of an equilateral 
triangle as the centre, and the side of the triangle as tlie radius. 
This port of the drawing is worked out on a large scale in tlie 
next example (Fig. 181). 

Fpom e and with radius e /, describe arcs cutting each 
other in g ; then from g, with the same radius, describe the 
arc er/as required. 

Fig. 182 is the Cyma Bocta moulding, and Fig. 183 is the 
Cyma Beveraa. Both of these are of frequent occurrence in the 
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tnUxAtig of maohinoty, and i^O'niodo of oonitnioting thom it 
therefore introduced here. 

Draw a line between the points which are to be connected by 
the curve, as a b (Fig. 182),' and bisect this line in e. From a, c 
and c, h describe arcs cutting each other in d and e ; these wiU 
be the centres for the two parts of the ourvos, which must glide 
smoothly into each other at c. The form of curve may be varied 
by moving the point c cither higher or lower, or takin g a shorter 
or longer radius with which to describe the arcs. 

AGRICULTURAL DRAINAGE AND 
IRRIGATION.-- VI. 

ByJ. WniQHTSON, ProfoBBor of Agriculture, Bojal School of Hinea 
COST OF DBAINAOM, ETC. 

Land drainage under orditiary circumstances can hardly bo 
spoken of as a very complicated process. The reasons which 
account for its marvellous effects, the changes it induces in the 
soil, the discussion as to the proper depth, distance, and direc- 
tion of the drains, and the practical advantages which follow 
its adoption, arc all fertile subjects. The more doscriptiou of 
the process of laying the pipes, however, need not detain us 
long. We have already devoted some attention to this portion 
of the subject, and it now remains for us to consider some diffi- 
culties which the practical drainer will encounter. Where 
the land is very wet, it is occasionally difficult to keep the 
trench open, in which case support must bo given to the sides 
by boards and struts until the tiles are laid. Sometimes a 
quicksand is mot with, upon which it is impossible to lay tiles, 
as they would speedily sink out of regular lino. Under such 
circumstances, a layer of straw (according to Mr. Wilson, of 
Edington) or a narrow board must bo used in order to give 
support to the tiles until they have time to act on the sur- 
xouiiding mass of soil, and render it dry and firm. 

Tree and hedge roots are another source of danger. In order 
to avoid this, no drain should be laid nearer than five or six 
yards to a fence, unless spocual precautions are taken for prevent- 
ing the entrance of root-fibres. Thoms are sometimes placed 
over the tiles in such drains to prevent this occurrence, and, 
in other cases, close-fitting collars arc used at every joint so as 
to secure them from the entrance of roots. 

It is occasionally necessary to carry a drain across a water- 
course, and when this is required it may bo passed underneath 
with the assistance of a few foot of iron piping. 

Another difficulty frequently presents itself in obtaining a 
good outfall. Ditches which receive drainage water ought to 
be strengthened and deepened so as to offer the least ]) 088 ible 
resistance to its passage. Where the land to be drained is 
situated on a river-bank, it is sometimes difficult to contrive 
a suitable outfall for throe or four feet drains. In such cases 
the main drain must bo run parallel with the stream such a 
distance as to ensure au outfall for the highor-lyiug land. 
Landfast stones and rock also are frequent obstructions in 
cutting drains, but this is a difficulty which gives way before 
extra labour. If the rock be of a porous character it may 
occasionally be mado use of as a vent for surface water. This 
plan is frequently followed in chalk and other districts whore 
the nature of the soil will allow of it. The water is brought 
by ordinary drains to a low point or focus, where a well is sunk 
down into the rook, and thus the water is discharged into the 
great reservoir which underlies the formation. 

The complete afiration of the soil is one of the principal 
functions of drains. It is, therefore, by no means a matter 
of surprise that the idea of “air drainage “ should have boon 
maintained strongly by many agriculturists. All draining, so 
far as it admits air, and cannot act unless air is admitted, 
is air drainage, but the advocates of this system wish to go 
further. They found an able exponent in the late Mr. S. 
Hutchinson, agent to the late Earl Brownlow. An idea of this 
method may bo best obtained by referenoo to Mr. Hutchin- 
son’s experiments as recorded in Vol. IX. of the Boyal Agri- 
cultural Society's Journal, He there makes' the following 
statement : “ The field to which I refer is in the occupa- 
tion of life. Strafford, of Momham, near Newark-upon-Trentf 
and consists of ton acres of strong loamy soil, resting upon 
a clay subsoil. It was uuderdrained by Mr. Strafford in 
X843, by twenty-five parallel drains, two feet deep and five 


yards apart, each discharging into a oqrersd' ontfidl at iha 
bottom of the field. In the autumn of 1846 it oocurzCd to ma 
that this being a shallow-drained field, presented a good oppor* 
tunity for experiment. I divided it into five compartments, 


(see Fig. 11)» each containing five of the drains. With the two 
outside and the centre compartmoiits I did not interfere. Into 
the two other compartments I introduced what I called an air- 
drain, a! a\ across the upper ends of the five drains, in each 
case, to join them together. 1 then connected the air-drain so 
out with the adjacent open ditch at the top of the field, in 
order to iuoreaso the natural circulation of air through the 
ordinary drains.'* Tliis experiment was successful, and sub- 
sequently both Mr. Strafford and Mr. Hutchinson were struck 
with the benefit following the introduction of the air-drains, 
when the land under their influence was compared with the 
neighbouring compartments not so treated. With a view to 
test the accuracy of these observations, the produce per im- 
perial acre was accurately ascertained, both in wheat and 
turnips, and the result showed a palpable advantage in the air- 
drained plots. The prescribed method is exceedingly cheap, and 
may be resorted to without appreciably increasing the expense. 
Upon some soils an air-drain maybe required in order to facilitate 
the egress of water ; in others tlio porous character of the soil will 
allow a sufficient circulation of air without any additional help. 

Wo now approach the consideration of the cost of drainage. 
This will vary with the expense of digging the trenches, their 
depth, the distance between them, and the price of tiles. The 
cost of digging three-foot drains through homogeneous clay 
soils is often estimated at one penny per linear yard, but where 
stones and rock occur this price may be indefinitely increased. 

The distance between the drains resolves itself, so far as cost 
is concerned, into a more question of the numbers of rods or 
chains per acre ; and the price of tiles is very dependent upon 
that of coal. Where this is abundant, 2-inoh tiles (internal 
diameter) may be obtained at from 17 b. to 20s. per thousand, 
and 3-inch tiles at about 30 b. per thousand. The following 
tables, taken from Wilson’s “ British Farming,” embody much 
valuable information upon several of the points touched upon. 

TABLE SHOWING THE NUMHEB OP BODS OF DBAIN PEB ACRE 
AT GIVEN DISTANCJES APART, AND THE NUMBER OP PIPES 
OP GIVEN LENGTHS REQUIRED PER ACRE. 


Intervals 
between 
the drains. 

Bode per 
acre. 

12-inch 

pipes. 

IS-inch 

pipes. 

14-inch 

pipes. 

15-inch 

pipes. 

18 feet 


2420 

2231 ! 

! 2074 

1936 

21 „ 

125f 

2074 

1915 

1778 

1659 

24 „ 

110 

1815 

1676 

1555 

1452 

27 

971 

1613 

1489 

1383 

1290 

30 „ 


1452 

1340 

1244 

1161 


From the following table we leam the expense of draining 
land will, under ordinary ciroumstances, vary from J&5 to rather 
more than ^8 per acre, according to the distance between the 
channels. There are, however, other important elements oon- 
neoted with the materials used for forming the drains, the 
depth of the drains, and the tenacity or rockiness of the soil. 
With these ever-varying conditions, the cost may easily exceed 
or be less than the above estiinates. Thus Mr. Stephens gives 
a list of prices ranging from J^2 7s. 6d. to £2 lOs. per acre. 
The first case was that of a soil described as overlying irregnlar 
beds of gravel or sand, and irregnlar open strata, the material 
used being broken 8t<mee. In saoh a case the distaiiee betwsen 
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the drains miglit be increased easily to forty feet with good | 
effect. Contrasted with this minimum expenditure, we have : 
the high figure abore given, in which the soil was described as 
*‘hard till" or clay, when it was fohnd requisite to place the 
drains ten feet ap^, and where stones were used as the 
material. 

TABLB SHOWINO THE COST OF DRAINING PER ACRE AT 
VARIOUS INTERVALS BETWEEN THE DRAINS. 


Labour — cutting and 
filling at 6d. per rod 
Material— pipes for 
minor drains 18s. 
per 1,000 

Haulage 2 miles and 
delivery in fields at 
2b. 6d. per 1,000 . 
Pipe-laying A finish- 
ing at Id, per rod. 
Superiuteudenco 
— foreman 
Extra for mains 
Iron outlet pipes and 
masonry, and extra 
labour . 


Add for collars if 
used 


The Marquis of Twooddale gives the expense of tilo-draining 
as varying from £4 to jiilO. The lower price is for cutting 
two-feot drains thirty feet apart at a cost of -jd. per yard, and 
the higher figure is for draining throe and a-half foot deep, 
fifteen feet between the drains, and at a cost of more than Id. 
per yard (Stephens). Draining by means of the mole plough 
may be accomplished at a coat of from jBI i)er acre, according 
to a recent report upon Mr. Kuck’a farm, at Bray don Manor, to 
.£1 8h. and £1 10a., according to the nature of the soil, and 
the depth and distance. When, however, oiroumstances vary 
so widely, it is a difileult matter to fix any definite limit to the 
expense, almost every field requiring a different treatment to 
the last, and each case having its own special requirements 
with regard to depth, distance, and coat of labour. 

The effect of drainage in increasing the produce is, in some 
cases, exceedingly marked. Iiiatanoea are not wanting in which 
the agricultural value of the land is entirely owing to this im- 
provement. In very many cases one quarter extra per acre of 
wheat, and a proportional increase in the yield of other crops, 
is looked upon as the advantage which may bo expected. Again, 
looking at the benefits of land drainage from a general point of 
view, we find farmers willing to pay 6 per cent, upon money 
thus expended by their landlords, and at the end of the lease 
this per-centage is incorporated in the ordinary rent- charge, 
thereby showing that the improvement is looked upon as per- 
manent. Among the best examples of improvement arc those 
collected by Mr. Stephens in the “ Book of the Farm." There 
we are told that in the case of land belonging to Mr. Dalrymple 
of Oleland, Lanarkshire, one field of eighteen acres oost £5 9s. 


18 feet 

21 feot 

24 feot 

27 feet 

30 feet 

apart. 

apart. 

apart. 

apart. 

apart. 


d. 

\£ 

«. 

d, 1 

£ 

8. 

d.| 

£ 

«. 
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d. 
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Hatherton, where, after an expenditure of from >£3 10s. to £4 
per acre, the rental value of the land was inor eaoo d in one ease 
from 10s. to 27s. per acre, in another from 10a. to S5 b. per 
aero, in a third from Ifis. to Sds., and in a fourth from Ss. to 
228. per acre. Such examples, although matters of fact, may 
possibly mislead unless it be remembered that the ordinary rosnlt 
is mnch less striking, and that the more modest but satisfac- 
tory return first spoken of will be a more usual measure of the 
direct advantages derived from land drainage. 

No one now denies the advantage of draining arable land, 
although some persons hold that it is possible to overdrain 
even this. With regard, however, to pastures, there has been 
a considerable amount of discuBsion, many farmers considering 
that the amount of grass is diminished by the operation. 
Such seasons as 1868 and 1870 arc well calculated to try the 
truth of such opinions : it was, therefore, exceedingly judi- 
cious in Mr. J. C. Morton, at the close of 1868, to request 
answers from oorrespondonts in various parts of England upon 
the results, during the long-continued drought, of drainage upon 
pastures. In answer to the query, " Are there instances known 
to you of differences, as regards productiveness, during so dry a 
season, between drained and undrainod land either arable or 
pasture?" Mr. Paget, of Buddington, “confesses that where 
the land hod been very recently drained, and consequently the 
grosses proper to dry land were not fully established, they did 
not afford quite so much ‘ keep ' as the corresponding undrained 
land ; but as soon as the rain fell in August, the advantage was 
on the side of the drained land. Those meadows which had 
been long drained had the advantage throughout." This is 
an instructive case, and explains why, in some cases, drainage 
has temporarily lowered the yield of grass upon i)asture lands. 
Mr. Wortloy, of South Collingham, Newark, says, “ I must say 
that, according to my exporionco, there is some foundation for 
the popular belief that a certain kind of grass land is injured 
by under-draining ; that is to say, the inferior plants whioh 
previously made a show, if they did little more, are destroyed by 
the drainage, and they are very slowly replaced by better, if 
the land is loft to itself. With such exceptions, however, my 
belief has always been that the draining of wot land, whether 
arable or grass, increases the productive power, even in such 
seasons as the last.” Mr. James Bawlenco also says, “ I quite 
think with you that more com or grass have been grown on 
drained than on undrainod land, except on grass land which had 
been drained tho previous autumn, in which case the aquatic 
plants all died out from the long drought and heat, and the more 
nutritious grasses had not time to fill up their places." These 
concurrent testimonies to tho effect of drainage upon grass lands 
are very conclusive, and reconcile apparently contradictory ob- 
servations, it being evident that although the ultimate effect of 
drainage upon grass land is beneficial, yet there is a period of 
trial between the dying out of sedges and water-grasses and 
the prevalence of a sweeter and bettor herbage. 

PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.— IV. 

DEFINITIONS CONCERNING POLYGONS. 

All figures having more than four sides are called polygons, 
and are distinguished by names denoting the number of their 
sides and angles — thus : 

A Polygon of 5 sides is called a Pentagon. 

Hexagon. 

Heptagon. 


per acre to drain. Previously this field had been occupied with 
whins and rushes, and had been let for 12s. per acre ; but after 
draining, the wheat off one portion of it brought £13 per acre, 
the potatoes off another part £15 15s. per acre, and the turnips 
off the remainder £21 per acre. Mr. James Howden, Winton- 
hill, East Lothian, assorted years ago that, although drains 
should cost as much as £7 per acre, yet on damp heavy 
land thorough drainage would repay from 15 to 20 per cent, 
upon the outlay. A farmer in Lanarkshire, who thoroughly 
drained one-half of a four-acre field, and loft the other half 
nndrained, planted the whole field with potatoes. From the 
drained half he realised £45, whilst the undrained half only 
realised £18 per Scotch acre. It appears almost unnecessary 
to multiply instances. We conclude by citing tho results 
obtained on the Teddesley Hay Estate, the property of Lord 



Octagon. 


Nonugon. 

10 

Becaj^on. 

11 

Uudecagon. 

12 

Duodecagon. 


When all the sides of a polygon are equal, and all its auglco 
equal, it is oBilled, regular. 

When they are not equal, the polygon is said to be irregular. 

By drawing lines from the angles of a regular polygon to the 
oentre, tho figure may be divided into as many triangles as the 
polygon has sides. Li the regular hexagon those triangles will 
be eqwilateralf but in all other regular polygons they will bo 
isosceles. . 

The methods of constructing the vaiions polygons having been 
given in “ Lessons on Geometry ” in The Popular Educator, 




252 


THE TECHNICAL EDUCATOIt 


it is only necessary in this place to give one or two, in order to 
show their application in mechanical drawing. 

To inscribe a regular ^pentagon in a circle, by a fecial method 
(Fig. 40). 

Draw the diameter A b, and bisect it, or divide it into two 
equal parts in o. At o erect a perpendicular, o o. Bisect o a 
in the point p, according to the method indicated in the figure. 

From D, with radius d c, describe an arc cutting A b in s. 



From c, with radius c e, describe an arc cutting the circle 
in r. 

Draw C r, which will be one side of the pentagon. 

Set off the length c v around the circle in the points a, H, i. 

Draw linos F o, o H, H i, and i c, wliich will complete the 
figure. 

Apj-ilicalion of the foregoing principle in the construction of 
Ooihic tracery (Fig. 41). 

Draw a circle, divide it into five equal parts,' and draw the 
radii o A, o B, o c, o D, o x. Bisect one of the radii, and set 


A 



off the half on each of them in the points f, a, h, i, j. Join 
these points, and a roprular pentagon will be formed. 

Bisect the sides of this pentagon by the lines o K, o L, o la, 
O N, O P. 

Draw a small circle in the centre, and another, Q, concentric 
with it. 

From Q to the sides of the pentagon draw lines parallel to 
0 K, o L, etc., at a small distance on each side of them — ^viz., 
B 8, T tr, etc. 

Produce the sides of the pentagon indefinitely from f, g, h, i, j, 
and with radius h u describe circles cutting the produced sides 
of the pentagon in v w and the corresponding points. 


Draw v c, w o, and similar lines from the other circles, and 
the remaining lines will be parallel to and concentric with 
those already drawn. 

To construct a regular hexagon on the given line A. b (Fig. 42). 
From A and B describe arcs cutting each other in o. 

From o, with radius o A or o b, describe a circle. 



The radius with which a circle is struck will divide it into 
six oqmil parts ; therefore sot off the length o A, which is equal 
to A B, around the circle — viz., c D E P. 

Join those points, and a regular hexagon will be formed. 

To inscribe a regular hexagon in a circle. 

Find the centre of the circle, set off the radius around it, and 
join the points. 

Example 1 of inscribing a hexagon in a circle, — To dram a 
simple fly-wheel (Fig. 43). 

Drew the circles a and B, representing the outer and inner 
edge of the rim. 



Divide the circle b into six equal parts, and draw the dia- 
meters c D, G P, E H. 

Next draw the circles i and J, representing the end of the 
shaft and the boas, or central part of the wheel ; the small paral- 
lologram at the side of the inner circle represents the “ key,” 
by wliich the wheel is held on the shaft. 

On the edge of the boss sot off equal distances, K L. 

Draw the circle m, and on it, on each side of the radii, set off 
distances rather loss than k and L — viz., n and o. 

Draw the sides of the arms, k n and l o, etc. ; and with any 
convenient radius describe the small arcs connecting the arms 
with the rim at n and o. 

The length p q set off from p and q on the radius, will 
give the point B, which is the centre for striking the arc, 
caused by the eUiptioal arm meeting (called penetrating) the 
I eUiptioal rim. 
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Estomvple 2 of the <^ppliGation of iha hexagon in mechanical 
drawing (Fig. 44). 

In this drawing: of a nut and bolt, the plan — that is, the 
appeaianoe it would have if your eye were directly over it, and 
you looked down upon it — is to bo drawn first. 



The two largest circles being doacriboil, the inner one is to be 
divided into six equal parts, and a hexagon inscribed in it. 

Perpendiculars drawn from ouch of the angles of the hexagon 
will give the projection of the widths of the sides of the nut. 

Wilkin the etjuilateral triangle, A n c, to inecrihe six equal 
circles (I'ig. 45), 

Draw the linos B D, A r, and c e, bisecting the sides and 
angles of the triangle, and intersecting each other in o. 

Bisect the angle o a e, and the point (o) where the bisecting 
line cuts o E, will bo the centre of one of the throe isosceles 
triangles, into which the equilateral triangle has been divided. 


c 



To inscribe three equal circles in a circle (Fig. 40). 

At any point, as A, draw a tangent, and a a at right angles to 
it. From A, with radius o A, cut the circle in B and c. 

From B and c draw lines through o, cutting the circle in D 
and B, and the tangent in the point f (and in another not given 
here, not ^ing required). Bisect the angle at F, and produce 
the bisecting line until it cuts A g in h. 

From o, with radius o h, out the lines d c and e b in i and J. 


^3 

From u, x, and J, with radius B A, draw the three required 
circles, ea^ of which should touch the other two and the outer 
circle. 



To inscribe in an equilateral triangle, A B c, the three largest 
circles it will contain (Fig. 47). 

Draw A a, B F, and c b, bisecting the angles and sides of the 
triangle, and intersecting in o. 

Bisect the right angle a e o. 

Produce the bisecting line until it outs A a in H. 


c 



Draw H I parallel to A b, H J parallel to A c, and r j parallel 
to B c. 

From II, I, and j, with radius H K, draw the three circles, each 
of which should touch the other two, and two sides of the 
triangle. 


NOTABLE INVENTIONS AND INVENTORS. 

V.— CLOCKS AND WATCHES (concluded). 
Olebkenwell has long been noted as a clock-making parish. 
The most extensive establishment hero has workshops for every 
branch ot manufacture: as the brass-casting, the wheel and 
pinion cutting, the case-making, and the movement-making. 
Wooden clocks are mode on the confines of the Black Forest, 
by peasant families -the export of clocks from Baden alone 
amounting to ^ 1 , 000,000 sterling. Of American clocks, in New 
Haven 60,000 brass eight-day clocks are made in a year at one 
factory j the wheels and plate-holes are all stamped, and the 
maintaining power is a spring, in place of the gradual fall of a 
heavy weight. In electrical docks, the indicator has a clock-fa^ 
and an index, or hand, and the communicating disc is mow 
round by the oscillation of a pendulum, kept going by electncity | 
thus one clock, by a wire, communicates its own time to any 
number of clocks at any distance, kept in perfect unison by tllfi 
action of only one pendulum. Horological eleotrioity al^ 
time-bolls, fires time-guns, and exhibits an hourly signal from the 
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paront doctro-magnot clock at Greenwich Obeervatory, to | The invention of the coiled springr in the watch dates frow 
correct any error in the great clock at Westminster. lUu- the close of the fifteenth century. It is claim^ for Kuremberg, 
xninated clocks date from the “fire-clock” of Martini, in then famous for watches, but the priority is much disputed. 
1668, and in an old German work we find designs for illuminated Their introduction into England is equally uncertain. The 
; in one the light is placed behind a transparent dial and watch of Abbot Whiting, da^ 1536, is of accredited antiquity ; 
opaque figxures, which are reflected, much magnified ; in another, and Count D'Albanne's silver watch, of English workmanship, 
the light issuing from a lantern is so arranged as to fall on, is dated 1529. Henry VIII. had a watch that went for a week ; 
and be oontinu^ to, the dial of a clock. Anne Boleyn possessed another, as well as a small gilt clock. 

It is curious to find, in the year 1869, the good citizens of now in Windsor Castle. Edward VI. had, in 1542, a “watch 
Beauvais placing in it ^ cathedral a monumental clock, composed , of iron.” Mary Queen of Scots possessed a death’s head and a 
of 14 different movements, and 90,000 pieces (weighing 35,000 | skull watch ; one in a case of crystal, coffin-shaped ; and another 
lb.), and costing <25,000. The body of the clock is 36 feet | in which a piece of catgut supplied the place of a chain; but 
high, of carved oak ; it has a figure of the Supremo Being, and | all these were foreign watches. Queen Elizabeth had a large 
the twelve ai) 08 tlo 8 , in enamel ; the main dial (there are 60 in all) collection of watches. A watch was found upon Guido Fawkes ; 
has a figure of the Saviour — the largest enamel existing. The and of this period is a curious oval-shaped watch in a silver 
pendulum wciglis nearly 1 cwt., and is moved by a steel ball case, ornamented with mythological figures. The English watch- 
weighing but the thirty-second part of an ounce, this movement makers of the City of London were incorporated in 1631. In 
impelling the fourteen others. The other dials indicate days 1 1635 the value of a brass watch was 40s. Charles I. possessed 
of the week, movements of the planetary bodies, sunrise and 1 several watches. In 1658 was oonstruotod the spiral, or pondu- 
sunset, seasons, signs of the zodiac, duration of daylight and | lum-spring, invented by Dr. Hooke and improved by Tompion. 
night, saints’ days, months, phases and age of the moon, time at , Next, Juare, by applying the pendulum-spring, added (to the 
I)rincipal cities, solstices, movable feasts, ago of the world, year j hour-hand) minute-hand and wheel-hand. Ho also added the 
of the century, bissextile years, longitudes, tides, eclipses, etc. j repeating movement in watches ; one of the first was presented 
In the seventeenth and eighteenth centuries several very i by Charles II. to Louis XIV. of France. Juare also made 
curious clocks were constructed. Among those wore Grollier’s | repeating watches for James II. and William III. From 1698 
model of a ball ascending and descending inclined planes, spiral I all makers wore compelled by law to put their names on their 
grooves, and others swallowed” by serpents ; lizards ascending | watches. In 1724 was invented the liorizontal escapement by 
oolumiiH, with the hours marked on them, and mice moving on j Graham, who also invented the mercurial coraponsation-pen- 
a graduated cornice. The “invisible clock ” at Vauxhall ; dulum. Graham’s escapement has been superseded by the 
Gardens, in 1822, is thus explained An hour-hand pointed i duplex, and more recently by the lover, which is the dead-beat 
to the hours on a transparent dial, without visible connection j escapement applied to a watch. At the beginning of tho last 
with mechanism. This w»is effected by having two pieces of j century was invented jewelling the pivot-hole of watches, to 
glass placed tc»gether, the hand being fixed in the centre of one | prevent friction. Next, John Harrison, by his famous chrono- 
of them, which, turning round once in twelve hours, by motion j motor, discovered the longitude, for which ho received from 
produced at a tjingent, pointed to the hours marked on tho Parliament <£20,000. Among his other improvements, are the 
other i)ioce of glass, whic-h was immovable.” gridiron pendulum and tho expansion balance-wheel — -the one 

Amongst the uses of time-keepers wo find that by means of to equalise tho movements of a clock ; tho other, those of a 
clock, tho Danish astronomer, Eioomor, discovered that the watch, under all chajiges of temperature, by employing two 
eclipses of Jupiter’s satellites took place a few seoonds later than different metals to form tho rod of tho pendulum and the 
he had oalculated, when the earth was in that part of its orbit , circumference of tho wheel, so that tho contraction of the one 
tho farthest from Juintcr. Speculating on tho cause of this I oxat‘.tly counterbalances the expansion of tho other. Another 
phenomenon, he concluded that light was not propagated in- | of Harrison’s inventions is tho going fusee, by which a watch 
stantanoously, but took time to roach us ; and from calculations can be wound up without interrupting its movement. A timo- 
fouTidchl on this tlioory, light has been discovered to dart keeper of greater simplicity than Harrison’s was that of John 
through space with a velocity of about 192,000 miles in a Arnold, for which ho and his son received tho Govenimont 
second ; tliiis tho light of the sun takes eight minutes to reach , reward of <£3,000 ; tho extreme variation of this machine in 
the earth. Sir G. 13. Airy has ascertained the variation of j twelve months has been thirty- seven-hundredths only. Arnold 
gravity at tho surface and interior of the earth, by descending { also made the smallest repeating-watoh over known, for which 
to the bottom of a dc(!p mine, and the result of his computations George III. presented him with 500 guineas. ’J’ho next im- 
Is, “ supposing a clock adjusted to go true time at tho top of i>rover of the chronometer was Thomas Earnshaw ; and in this 
tho mine, it would gain 24 seconds jior day at the bottom ; or it state it has remained for tho last century or so with scarcely 
may be stated thus : that gravity is greater at tho bottom of a any alteration. 

mine than at the toj), by iDl^oth part.” Among tho celebrated French watchmakers was Breguet, 

Time-pieces with springs as tho maintaining power (and now who paid some of his workmen thirty francs a (hiv, and none 
called watches) were imperfect machines, going with even loss | less than a napoleon. Ho invented the touch watch, by which 
precision than an old clock. They had only an hour-hand, and I a spring touched at any time struck tho hour and minute ; one 
most of them required winding t^vice a day. A watcdi differs j coat the Duke of Wellington 300 {niincas. 

from a clock (says Dr. Arnott) in having a vibrating wheel Some years ago it was maintained that our common 

instead of a vibrating pendulum ; and <is in a clock gravity is watch is, in many of its parts, a very ill-coiistrncted machine, 
always pulling the pendulum down to the bottom of it.s arc, The train of wheel-work, which transmits the motion of tho 
which is its natural place of rest, hut does not fix it there, mainspring, for example, is contrived on faulty principles, and tho 
because tho momentum acquired during its fall on one side long-used methods and engines wore alike condemned. Mr. Dent 
carries it up to an equal height on the other— -so in a watch, a has stated that every watch consists of at least 202 pieces, em- 
spring, generally spiral, surrounding tho axis of tho bolanoo- ploying, probably, 215 persons, distributed among 40 trades — 
wheel, is always pulling this towards a middle position of rest, to say nothing of tho tool-makers for all of them. It is next 
but does not fix it there, beoauso the momentum acquired during maintained that if wo were then materially to alter tho con- 
Its api.)roach to tho middle position from either side carries it struotion of tho watch, all those trades would have to bo re- 
just us far past on the other, and the spring has to begin its learnt, new tools and wheel-cutting engines would have to bo 
work again. The balance-wheel, at each vibration, allows one devised, and the majority of tho workmen to begin life again, 
tooth of tho adjoining wheel to pass, as the pendulum does in During this interval, the price of tho instrument, it is assorted, 
a clock ; and as a spring acts equally well, whatever bo its would be enormously advanced. 

position, a watch keeps time whether carried in tho pocket or Watch-making in England suffers much from overstrained 
in a moving ship. In winding up a watch, one turn of tho competition ; tho annual importation of watches from Switzer- 

axle on which tho key is fixed is rendered equivalent, by the land and the United States is very largely in excess of the 

train of wheels, to about 400 turns or beats of the balance- number made at home. 

wheel ; and thus tho exertion, during a few seconds, of tho In America watches are manufactured on a large scale by aid 
hand which winds up, gives motion to twenty-four or thirty . of machinery. Wo road of a manufactory with 250 Lands, 
hours. I more than half of whom are females. The stamps and dies are 
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eat by steam maobmery, by which are effected the prooefises, 
aisOf o£ hardening and forming the barrels and chambers, ooilmg 
and the mainspringB, gearing-wheels, and cutting their 

teeth ; shaping pinions and a^es, cutting escape-wheels, trim- 
ming and marlri^g the porcelain dials, drilling and shaping the 
jewels, and adjusting and fitting together the various parts. 

It has been confidently stated that the result of the intro- 
duction of machinery into the watch-making trade is already to 
be seen in the comparatively low price at which that necessary 
article is to bo obtained ; but hitherto the great drawback has 
been that machinery was unable to compete with hand- work in 
the extremely delicate manipulation of the watch. The difficulty, 
however, has been entirely obviated by an American invention, 
which, with the exception of the hair-spring, makes every 
portion of the watch with a nicety scarcely to be surpassed. 
One of the chief advantages of this is that each part, being 
made by a separate machine, c^an, in the event of damage, bo 
supplied through the post to any part of the world. 


THE ELECTllIC TELEGRAPH.— TV. 

INTERRUPTIONS IN COMMUNICATION — MODE OP TESTINO FOB 
AND LOCALISINO FAULTS. 

As WO have already seen, any electric circuit is liable to various 
interruptions, which often cause serious inconvenienoo. It is 
tlioreforo a very important matter to bo able to discover the 
cause of the interruption, and, if it be an injury to the lino, to 
find the exact place at which it exists, so that it may bo repaired 
as i3romptly as possible. When any circuit is interrupted, the 
first thing to ascertain is whether the fault exists in the 
battery, the instruments, the office, or the lino. 

Suppose the dork at any office presses the key of his instru- 
ment with a view of sending a message, but finds that his own 
noodle is not affected at all, ho at once knows that something is 
wrong. If his own battery or instruments are out of order, and 
will not act, that will fully a<;count for the failure. His first 
duty, therefore, is to make sure that the fault is not in his own 
office. For this purijose the wire where it leaves the office 
should bo temporarily connected with the earth-plate, so as to 
out the lino-wire and receiving station altogether out of the 
circuit, and a current should then bo sent again. If now the 
instrument acts satisfactorily, the fault is either on the lino or 
at the receiving station, and the reason why the current would 
not pass is that the circuit is interrupted at one of those ])laccs. 

If, ‘however, when earth is thus put on, the needle still de- 
clines to move, the fault is evidently in the office, and may bo 
a faulty connection, or a failure of the in8trnment.s or batteries. 
The latter should ffist bo toste<l by connecting their two poles 
^th a galvanometer, and noting the deflection. Should this 
iudicato that the battery is enfeebled or impaired, it should bo 
replaced, or set in order. It not unfrcquontly liai)pens that a 
single cell in the trough is working badly, and has entirely 
stopped the passage of the current generated by the rest. In 
this case the defective cell must bo replaced, or else bridged 
over by making a good connection between the cells on either 
aide of it. 

If, however, the battery is in good order, the fault must bo 
in the instruments or their connections, and its exact place may 
10 discovered by affixing one end of a good wire to the terminal 
vliore the line- wire loaves the instrument, and having pressed 
lown the key so as to send a constant current, bring the other 
md of the wire successively in contact with the different 
)inding-sorew8 or connections. As soon as the fault is passed, 
ho needle will immediately bo deflected, and thus the place of 
ho interruption will be scon. 

Somotimea the injury will bo found to bo a rusted or dirty 
onneotion ; or sometimes, if inferior oil has been used in any 
art of the apparatus, the dust may have settled on it, and 
ocome hardened, so that in this way a faulty contact is pro- 
uced. Too much care cannot bo taken in ensuring the perfect 
lowliness of all connections, as, even if the current passes at 
rst, the surface, after the lapse of a little time, becomes more 
MToded, and a great amount of inconvenience and loss of time 
discovering the exact place. A little of the 
98t salad oil should be applied to the pivots and points by 
nioii a contact is made, os a safer connection is ensured 


thereby, and this oil will not harden sufficiently to injure the 
contact. The contact-plate should, however, be frequently 
wiped to remove the dust which may have settled on it. 
In this way any faults in the office are easily discovered, and 
for the most part they may without much difficulty be rectified, 
unless, indeed, the needle has become demagnetised, or there is 
some injury to the instrument rendering necessary its return 
into the maker’s hands. More commonly, however, the fault 
exists along the line. An insulator may be broken, or the wires 
may be so slack as to come into contact with one another, or 
wi^ some obstruction which carries away a port of the current. 

As considerable inconvenience and delay are caused by such 
faults on important lines, it is usual to test them every day 
with a view of discovering any flaw before it is sufficiently 
developed to interrupt the oonlmunioations. In these tests two 
things are ascertained — the degree of insulation, and also the 
amount of rosistanco which is offered to the passage of the 
ourrent, as sometimes the wire may be well insulated, but a 
defective place in it may offer such a resistance as nearly to 
intercept a weak current. In the daily tests of the British 
Postal Telegraph lines a battery of 60 Baniell cells is used ; 
but 100 or 200 cells are often used in testing faults of insula- 
tion in submarine cables. 

A woU-made galvanometer is the most important thing in 
testing a lino. There are two different fortqs of this instru- 
ment in common use. In* tlio moro sensitive of these the 
needle is placed horizontally, being poised on a fine steel point. 
Friction is thus reduced to a minimum, and the only force to bo 
overcome by the current is the directive influence of the earth’s 
magnetism. The instrument is so placed that the needle may 
point to o on the graduated scale ; the current is then applied, 
and the amount of deflection when the needle comes to rest is 
noted. This instrument is ropresontod in Fig. 14. 

In the other form of galvanometer, usually called the 
“detector,” the needle hangs vertically inside the coils, a 
pointer being fixed on the same axis so as to indicate the ijosi- 
tion of tht3 inner needle. In the moro perfect instruments of 
this class, this outer needle is magnetisod as well as the inner 
one,*and is so mounte<l that its north polo shall point in the 
reverse direction to that of the inner one, and thus both are 
affected by the current round the coils, and the instrument is 
rendered much moro sonsitivo. The lower end of the needle is 
slightly weighted, so that it hangs vertical when no current is 
passing. Hence this form of galvanometer is more used than 
the other, as it requires no adjustment of position. The gradu- 
ated scale is placed above tho needle, as soon in Fig. 15. 

Without care tho readings of a galvanometer may be mis- 
umlorstood, for a deflection of 40‘^ must not bo taken as an 
indication that tho current is just twice as strong as one pro- 
ducing a deflection of half that amount, or 20°. A special scale 
has accordingly to bo provided for each instrument. In a well- 
made detector, tho values of tho degrees up to 30° were found 
very nearly to correspond with tho strength of the current ; 
above that tho following results were oV>tained : — 

40° deflection representod a atrongth oqTUVolent to 44° 

60° „ „ C6° 

60 ° „ „ 93 ° 

65° „ „ 150° 

In another galvanometer, tho values of tho reading would 
probably differ to a considerable extent ; it is necessary, there- 
fore, for each to be graduated by actual trial. 

The following is the simplest manner in which the daily tests 
for insulation and resistance are made : — Lot A and B bo tho 
stations at tho endvS of tho line. A puts a detector in his circuit, 
and then sends a current through it along the lino, having first 
informed B, who for a short time, say two minutes, disoonnoots 
his line-wire altogether, so as to leave it completely insulated, 
Tho deflection of tho detector during' this period shows the 
amount of loss by imperfect insulation, and if this amount is 
above the daily average, it plainly shows some defect, as, for 
instanoe, a broken. insulator. B then, for a similar period, con- 
nects his end of tho Hne-wire to a good earth, through his own 
detector, and the results now obtained show the resistance to 
the ourrent. A very weak battery should be employed for this 
purpose, since otherwise “ full deflection ” would almost cer- 
tainly be obtained, oven although a oonsidorable fault existed. 
Only very rough tests can therefore be made in this way, and at 
all principal stations the resiatanoes are accurately a4ioertained 
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hy meMii of a resistanoe ooil and a differential galyanomeier. 
O&e last-named instrument consists of a magnetised needle 
mounted with two independent coils, each of which exerts the 
same influence on the needle. If, then, the current be made 
to pass round these in opposite directions, the needle will 
remain at rest, one coil exactlj neutraUsing the effect of the 
other. In order to use this galvanometer, two passages are 
provided for the current from the battery ; the resistance to be 
measured is made a part of one of these circuits, while in the 



ascertaining the position of a fault in any line, when it has 
been ascertained that tiiere is one. We must, however, first 
know the different kind of faults that are met with. The first 
is a total interruption of the circuit arising from a broken wire 
or some similar cause, in which case no current whatever 
passes. There may also be a partial want of continuiiy in- 
dicated by the signals at the receiving station being less distinct 
I than usual ; so much so at times as to be unintelligible. 

Another defect is ‘‘ earth on the line — ^that is, a connection 



other is placed a series of resistance coils by which a known 
resistance can be introduced till it exactly balances the other, 
as shown by the needle remaining fit zero. 

The annexed diagram (Fig. 10) will render this more clear. 
B is the battery, from each pole of which there arc two con- 
ducting wires. The one leads to the binding-screw A, whence 
the current passes round one ooil to e, thence along the lino- 
wire L, whose resistance is to be ascertained, returning either 
by the earth or by another wire whoso resistance is known, or 
else similar to that being tested. The other bat- 
tery wire loads to c, and from this the curroi.t 
passes round the other coil of the galvanometer to 
D, thence through the sot of resistance coils ii, 
and back to the other polo. Two courses are 
therefore open forth© current, aiid it accordingly 
splits between them ; the greater portion, how- 
ever, passes along the route which offers the least 
resistance, and the needle is accordingly dofloctod 
by that. By means, however, of the various coils 
in E, the resistance in that circuit can be so ad- 
justed as exactly to balance that of the lino, which 
is thus ascertained. If the current returns from L 
by a wire similar to itself, the resistance must bo 
divided by 2 to give that of each wire. If it re- 
turns by a wire of known rcsistanoo, that must bo deducted to give 
the resistance of l. b is a “ shunt ” affixed to one of the coils 
of the galvanometer, so as to reduce the effect of the current 
upon it by providing a short path for the greater portion of the 
current. A peg is inserted between the pieces of brass, and 
offers } or the rosistanco of the coil, round which accord- 
ingly only or of the current pusses. The advantage of this 
is that by it a much smaller resistance coil is required, since 
one of 1,000 unit.s may balance a resistance of 10,000 or 



Fig. 15. 


at some place between the line-wire and the ground, so that a 
greater or less portion of the current escapes. If the connec- 
tion he a very good one, so that the whole of the current 
escapes, we have what is technically known as “ dead earth.** 
In this case the signals at the sending station are stronger than 
usual, since there is a shorter path for the current to travel 
along, but no signal whatever is received at the receiving 
station. When this happens, each station along tho line should 
in succession transmit a current, and tho interruption will 
evidently be beyond tho last one from which a 
current is received. When it has been ascertained 
between which stations tho fault lies, its place can 
be found by noting tho rosistanoo of that piece of 
line as compared with its usual resistance. If it 
bo only half as great as usual, the fault is probably 
about mid-way along it, and so in proportion. 

Partial earth ootjurs when there is a fault by 
which only a portion of tho current esca^^es, and 
this is a more difficult fault to tost for. The 
signals at tho sending station ore still unusually 
strong, since two return paths are open for the 
current, one by tho fault, tho other in tho usual 
way. The signals at tho receiving station are, 
however, weakened considerably. 

Tho best i)lan of testing for a fault of this description will be 
undcrstooil by roferonoe to Fig. 18, in which tho battery, etc., 
are denoted by tho same letters as before. If possible, a good 
wire, H, loa<ling from tho receiving station, should bo used as a 
return wire, being connected to the faulty one at Q. Lot F be 
the place of tho fault, and lot the connections bo made as shown. 
The current leaving c to the earth-plate will divide at F, a 
portion passing along by a, H, E, A, to z ; tho other portion 
passes through the resistance coils R, and so to z. If b were 



100,000 units, the proper shunt being employed. In this ease 
the indicated rosistanoes must of course be multiplied bv 10 
or 100. 

When tho test for insulation is being made,'^the further end 
of tho line is disconneoted, and the corresponding polo of the 
battery put to earth, as seen in Fig. 17. This circuit then can 
only be completed by the escape of a portion of the current 
from the lino-wires to the ground, owing to imperfect insula- 
tion. In keeping a record of these tests, it is important to note 
also the state of the weather at the time of taking them, since 
this makes a material difference in the state of the lines. 

We mnst now endeavour to explain roughly the manner of 



removed, tho latter portion would clearly bo the stronger, sinoo 
it has tho shorter distance to travel ; by introducing a resist- 
ance, therefore, we can ascertain how much one exceeds the 
other, and from that we can calculate approximately tho place 
of F. WTien this is done, there will probably be little difficulty 
in the line inspector ascertaining and repairing the damage. 

Instead of the differential galvanometer, the Wlieatstone 
Bridge, a similar arrangement, is also nsed for these tests. 
In this for the coils of the galvanometer A s and c d coDs 
of wire of proportionate or equal resistance are substituted, and 
an ordinary galvanometer is connected between e and d. Then 
when the galvanometer shows no deflection, = I*. (Fig. 16.) 
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OPTICAL INSTRUMENTS.— Ill, 

BT SAKUEIi HIGKLST, F.Q.S., ETC. 

DIAGNOSIS FOB SPECTACLES. 

To oaoortom what form of lens is needed to oorreot the defec- 
tive vision of a patient, the optician or oculist must first deter- 
mine the true nature of the defect — whether it be presbyopic, 
myopic, or hypermetropic ; and if the person is not advanced in 
years, groat care should be taken to asqjsrtain whether or not the 
last defect exists, for by a faulty diagrnosis great injury might be 
brought about through supplying unsuitable glasses. Again, it 
must bo determined whether failing sight is due to optical 
defects of vision, or to those weaknesses of sight known as 
amblyopia and asthenopia, which are due to irritation of parts 
of the eye. 

First, he must determine the patient’s ** acuteness of vision,” 
as it is technically termed, by exercising the eye on Dr. Snellen’s 

Test Types.” These consist of carefully-drawn, square, litho- 
graphed letters, whoso limbs have a width equal to one-fifth of 
the letter’s height, such being generally distinctly visible to a 
normal eye at an angle of 6’. Those letters are arranged singly 
or in groups, and of inoreasing size, with a number attached to 
each, to indicate the number of feet at which the particular- 
eized letters must be placed from a normal eye, to subtend an 
angle of 5' for their height ; and, farther, an angle of 1' 
for the breadth of the thick strokes, for determining *‘the 
minimum angular magnitude of distinct vision ” (which is 
taken at V). 

These types range in size from the smallest letters, to bo soon 
at 1 foot, to inches in height, to be employed at 200 feet. 
Two diagrams are specially designed for testing the acuteness 
of vision at an infinite distance, that is, from 20 foot to 200 
feet — one having black letters on a white ground ; the other, 
similar letters, but white on a black ground. To normal eyes 
these seem nearly alike as to distinctness; but should the 
white letters on a black ground appear more distinct to the 
patient, a diminution of aonteness of vision is indicated, which 
probably results from diffuse light, arising from turbidity of the 
refractive media of the eyes. The distance from which the 
test-types can be distinctly recognised should bo measured 
from the surfaoo of the paper to the tomple of the person under 
examination. These letters arc grouped in irregular order, so 
that no help may bo given to their recognition by juxtaposition 
with other letters, as would be the case wore words employed ; 
while, on the other hand, to attain, if possible, more uniform 
distinctness, certain letters that might lead to oonfusion with 
aimilar ones are omitted. Thus every care is taken to ensure 
a perfect and independent recognition of those letters without 
any extraneous help.* The degree of acuteness of vision (V) is 
expressed by the relation of the distance at which the letter is 
actually seen (d) to that at which the letter is apparent at an 
angle of 5' (D). ^ 

If No. I. is distinctly seen at a distance of one foot, and 
No. XX. at twenty feet, then d and D ore equal, and aooorddngly 
it follows that 

t 20 
I XX 


or, in other words, there is normal acuteness of vision. 

If, on the other hand, No. I. is only distinct at six inches 
from the eye, and No. XX. at ten feet, then d is leas than D, 
and 

I "* 2(5 - 2- 


If No, XV. can only be recognised at a distance of five feet, 
then we get the following equation : — 


V 


XV^S* 


H d should be greater than D, and No. XX. be thus visible at 
a greater distance than twenty feet, then the acuteness of vision j 
IS more than the normal average. 


edition of Snellen’s ** Test Types” is published for the 
wmont of the Netherlands Ophthalmio Hospital, by Messrs. Williams 
ana Norgate. 


An investigation of 281 oases of emmetropio eyes at different 
ages gives the following results : — 

s 

At from ten to twenty years • • • • • T 


At thirty years 
At fifty years . 
At sixty years 



At eighty years . 


11 


So, it will be observed, the normal acuteness of vision deoceasea 
with age. 

Besides these tests by jumbled groups of letters, the peraon 
may bo tested by reading in different-sized type, but such ex- 
periments must not be identified with the recognition of isolated 
letters, for the reason previously stated ; but in other respeota 
reading is a more diffionlt tost, because the letters of words, aa 
ordinarily printed, are very close together, hence more oonfasinif 
for immediate recognition, 

For testing by reading, fluency is chiefly to bo regarded, for 
with a contracted or interrupted visual field reading is leas 
fluent. It is obvious that this test can only bo tried on persons 
of fair education. 

Snellen’s reading tests ore printed in typo as nearly as pos* 
siblo uniform with his letter tests, and the following numbom of 
his typos correspond in height with the less scientific system 
of “ test-types ” of Professor Jiiger, which, however, have boexv 
principally used in this country. f 


No. I. of Snellen’ 


II. 


5 

III. 

t» 

7 

IV. 

ft 

11 

V. 

»t 

13 

VII. 

ft 

14 

XVIII. 

ft 

18 

XXVII. 


19 

XXXVIII. 

ft 

20 


A good series of reading test may be fonnod of short para- 
graphs set up in the following woU-known printer’s types : — • 
No. 1, ” briUiant ; ” No. 2, “ pearl ; ” No. 4, “ minion ; ” No. 6, 
” bourgeois ; ” No. 8, “ sinall pica; ” No. 10, ” pica ; ” No. 12, 
“great primer;” No. 14, “double pica;” No. 16, “two-line 
great primer ; ” No. 18, “ canon ; ” No. 19, “ four-line con- 
densed;” No. 20, “eight-line Koman.” An eye with normal 
acuteness of vision ought to be able to read Nos. 18, 19, 

20 of these types at a distance of twenty foot ; but a peraon 
may bo so amblyopic as not to bo able to read the largest of 
Snellen at any distance. In snoh oases wo may try whether 
the person is able to count fingers at different distances, or 
whether he can distinguish light from darkness by placing him 
at six feet from an organd gas-flame in a dark room, then 
turning the light up and down slowly; or, if this fails, from 
light to sudden darkness, and back again. If the patient 
cannot distinguish between suoh extremes, ho must be “ stone 
blind.” 

We must next test for the “range of accommodation ” the 
patient’s eyes possess, by first determining the “ near-point ’* 
and then the “for-point,” which may bo expressed by th 
following formula ; — 

1 _ 1 _ 1 


in which p represents the (proximate) nearest point of distinot 
vision, and r (remote) the farthest point of distinct vision, and 
1 -T- A the range of accommodation. For this purpose we employ 
an optometer, which consists of a carrier for a test-plate, and an 
adjustable scale that will give the exact distance between thefaoo 
of the plate and the cornea of the patient’s eye. The test-plate 
may consist of a paragraph set up in -nrHirnKf or "Pearl" type, 
which corresponds to Nos. 1 and 2 of Jfiger’s reading tests ; or of 
a little frame, 7-8ths wide in the opening, divided vertically into 
six parts by five fine black wires or horsehairs ; or of a block 


tCopies of Jgger's test-types may be obtained of the Seoretaiy at tfaa 
Boyal Ophthalmic HoppitaL Moorflehis. 
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|>]At6, pieroed with little holes from l-20th to l-6th of a line in 
diameter, behind which a back|ri^imd of groond-glass is placed : 
these rapidly emit rays, and lose their round form, if not perfectly 
focQssed on the retina. The adjustable scale may bo a winder 
measorin^ tape, the zing of which is looped on to the handle 
that supports the test-plate ; or it may bo a shoemaker’s rule, 
the fixed end of which is out down and notched to receive the 
patient’s eye, the test-plate being fixed to the sliding upright ; 
or it may 1^ a speoially-dosigned piece of apparatus, consisting 
of a graduated brass rod, mounted on a firm telescopic foot by 
a shifting-hinged joint, on which a frame that carries the test- 
plate works freely up or down, and can be clamped at any desired 
position by moans of a milled-heoded screw. Whatever the 
arrangement, the test-plate should, as Bonders has pointed out, 
be moved steadily up to, or away from, the eye under examina- 
tion, for “ ordinary individuals accommodate for their farthest 
point only, when they actually look at a distant object, and for I 
their nearest only, when they very distinctly see an object ap- 
proaching, whose diminishing distance they meanwhile observe 
and follow in their imagination. Then, by the effort actually to 
see the object distinctly as long as xjossible, the greatest ijowor 
of aooomraodation is excited.” 

On sliding along the reading-test towards the eye, we soon 
find the nearest point at which the text can bo road off. With 
the wire-tost, the wires only appear sharply defined when tlio 
eye accommodates itself perfectly to them ; directly there is a 
deviation in this (the frame being too near or too far from the 
oyo), the wires seem indistinct, thicken, or as if surrounded with 
a halo ; or oven double-coloured images of them appear in the 
transparent intervals, as a white w'ull or tlio sky should in this 
tost bo used as a background. The same may be remarked in 
regard to the test-holes, for they rapidly lose their round form 
and omit rays when the eye is not in i)erfoct accommodation 
with them. It will bo readily seen that much depends upon 
the intelligence of the person under examination in appreciating 
the distinctness of the wires or the sharp form of the holes ; 
therefore the reading-tost is, as a rule, the most readily applied ; 
for it is oftentimes absurd to what a distance persons will 
maintain that the wires and holes seem well defined ; while, by 
moving the reading- tost alternately nearer to and further from 
the eyes, we can readily ascertain with exactitude both the near 
and the far point of distinct vision. 

If to this optometer we add an arm fitted with a six-inch 
convex lens, the far-point may be ascertained in all cases. If 
for an eye (with suspended accommodation) we have to move 
the test-plate to six inches' distance to sooure distinct recogni- 
tion, it is emmetropic ; if nearer to the eye than six inches, it 
is myopic ; if further off, it is hypermetropic. Tho systematic 
employment, in the optometer of Von Groefo, of a convex lens 
of only six inches focus, presents advantttges over those of 
longer foci, as it brings tho normal eye to a condition that 
is very nearly myopic, and so in a state more favourable 
for comparison. By employing an optometer of tlio kind last 
described, the far (r') and tho near (p')^ found, stand in 
such a relation to the patient’s real far (r) and near (p) point, 
that tho rays coming from r' are refracted by tho Ions as if 
they proceeded from r, and those from p as if they emanated 
from p. 

Jn the normal eye (with 6-inoh convex) / would lie at six 
. inches from the eye, for rays from an object at six inches’ 
distance falling on the lens would bo rendered parallel by it, 
and would consequently impinge upon tho eye as if they came 
from an infinite distance or the ziormal far-point. The noar- 
point (p’) would lie at about three inches, tor this varies ac- 
, cording to age. 

If (with 6-inoh convex) we find the far-point (/) lies at six 
inches, and the near-point {p') at three inohes, 



the eye is then emmetropic. 

Ji (with 6-inoh convex) we find that r'«-5 inches, and p'“3, 



the eye it then myopic, for it ia not adjusted for the normal far- 
point (six inches), but for a nearer one, the rays from which 
impinge in a divergent direction upon the eye. 


If (with 6-inoh convex) we find that r' = 8 inohes, and p' « 8 
inohes, 



the eye is then hypermetropic, for its far-point lies beyond 
tho normal far-point, namely, six inohes. It has been stated 
above that these determinations may be made /or^ an eye 
with suspended accommodation. Now in practice this is rarely 
met with, except in cases where tho power of accommodation 
is paralysed paralysis of accommodation,** as it is tech- 
nically termed) ; but we have the power of producing such a 
state of rest artificially, by tho application of a solution of 
atropine (gr. iv. to 3j) two hours prior to making the trial. 
As tho effects of atropine last for some days, I need hardly say 
that the ordinary op'tioian would not be justified in using this 
agent on his customers, and that its employment must bo 
confined to tho practice of the medical oculist. Moreover, as 
decided oases of presbyopia and myopia are readily determined 
by optical tests, it is only in cases of suspected hypermetropia, 
or for determining the whole amount of a patient’s hyperme- 
tropia, that atropino is needed. 

But when there is reason, from tho form of the eye (see p. 
ICO), together with complaint on the part of the patient of con- 
stant fatigue in tho organs of vision, to suspect the existence 
of hypermetropia, the optician may make the following trial. 
Try tho patient’s oyo on No. XX. of Snellen’s test-types, at 
twenty feet distance, or on a paragraph set up in type of this sixe- 

Canon 

If the eye is emmetropic, it will read this at the distance 
specifier! ; and a hypermetropic eye will most probably do the 
same, unless the hypermetropia be very great, or iis ammimoda- 
iion has Itcen paralysed Iry atropine ! Now try the patient with 
.spectacles glazed with 20-incli lenses on the same object at 
the same distance ; if tho eyo is emmetropic, it will no longer 
bo able to read the test ; while if it bo hypermetropic, it will 
read it with greater facility than before. 

In extreme hypermetropia tho eyes may not bo able to read 
tho test with 20-inch lenses, but can without them. Thus, 
assimilating to tho characteristics of a normal oyo makes its. 
diagnosis by optical tests extremely difficult ; but a suspicion 
of its existence should be created when fatigue in the eye 
is constantly complained of ; ' and as the question must then be 
settled by ophthalmoscopic indications, it becomes tho duty of 
tho optician to direct the patient to consult an ophthalmic 
surgeon; for the diagnosis and mode of treatment must bd 
medical as well as optical. 

In testing for the range of accommodation, it is necessary tor 
try both eyes of the patient ; for it will often bo found that the. 
two eyes of tho samo individual may possess a difference in 
accommodative power. In other cases wo may find that thfr 
near-point may bo normal, but tho far-point api> roaches nearer 
than an infinite distanoo to the eye, which might be mistaken 
for an indication of myopia ; or the far-point may be normal,^ 
and tho near-point abnormally distant from tho eyo ; or both 
near and far point may have changed their normal iwsition,. 
and have become approximated to each other. 

Wo may also meet with a dislocation of accommodation, 
without any diminution in its range. 

In making trials for tho far and near point, we bear in mind 
that in the normal eyo its far-point lies at an infinite distance 
(symbolised by oo), so that parallel rays are united on the 
retina when it ia adjusted for its far-point, while its near-point 
lies at from four to five inches from the eye, though even a near- 
point of seven inohoa is not to be regarded as sufficiently 
abnormal to amount to a defective state of vision. 

In testing for the near-point we may find that one person will 
clearly distinguish the tost-plate as dose as three inohes, while 
another cannot do so nearer than thirty inohes. This indicates 
that the one has tho power of increasing the convexity of his 
orystalline lens by a quantity equivalent to a 3-inch glass lens i 
while the second can only do so to an extent equivalent to a 
dO-inoh glass lens ; and we say that the aooommodation of the 
first equalB l-8rd, and that of the seoond equals l-fiOth. 
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TECHNICAL DRAWING.— XYII. 

DBAWING FOB MACHINISTS AND. ENGINEEBS. 

FBEB-HAND DBAWING. 

Thb great importance of Free-liand Drawing to artisans has 
already been insisted upon, and a few examples in this branch of 
the subject will be giyen in this part of our lessons in ** Tech- 
nical Drawing,** in order to show the kind of practice which is 
deemed advisable for' machinists and engineers. 

Our workmen have laboured under the mistaken idea, that 
so long as they could manage to measure and rule the linos 
from a copy with some degree of neatness, they were learning 
Mechanical Drawing. Nor were the teachers of the period im- 
mediately preceding the present competent to give them better 
instruction ; for whilst qualified mechanical draughtsmen were 
not teachers, the teachers were artists, but not engineers. It 
was only when the Gk)yernm 0 nt Department of Science and Art 
undertook the systematic training of masters of Schools of 
Art — in which not only omamontists and designers, but arti- 
sans generally were to bo taught — that this branch of the stih- 
jeot began to receive proper attention, and was made a portion 
of the certificate examination ; and not only is Linear Drawing 
by means of instruments taught, bnt the artisan is shown how 
to sketch from objects and to draw curves by hand ; in fact, an 
enlarged view of the W’hole subject has boon given, of which the 
fruits are daily becoming more obvious. The early training of 
foreign artisans has in this respect been superior to ours ; and 
in the different exhibitions which have been hold in this country 
and on the Continent, workmen were to be seen with their note- 
books busily employed in collecting information, and skctcliing 
the appliances connected with their peculiar walks of industry. 
Such notes and sketches, however roughly done, must be a 
source, not only of great usefulness, but pleasure to them. 

Drawing, too, constitutes a universal language, which to 
artisans is a matter of the utmost importance ; for by its means 
they can illustrate the form of «.n object in an infinitely less 
period of time tlian by words, to i)crHons who may not be able 
perfectly to understand the language of the country ; in fact, 
in the words of Sir Joshua Eeynolds, “the pencil speaks the 
tongue of every land.” 

The machinist must remember, too, that in making drawings 
from actual measurement, the instruments ore not in the first 
instaiKjo employed. All the implements used are the i^encil 
and the “ two-foot rule.’* The draughtsman makes a rough 
sketch entirely by the hand and eye, measures the various parts, 
and jots down the measurements in his sketch. After this ho 
reduces the whole to the required scale, and proceeds to make 
his mechanical drawing. 

As the lessons proceed, the student will bo taught how to 
draw from objects soon porspoctivoly. In commencing, how- 
ever, the practice is confined to a few well-known objects placed 
BO as to present only one surface to tlio eye of the spectator, 
and which can thus bo drawn as mere elevations. In the first 
instance tools have been chosen, because the student is sup- 
posed to be well acquainted with their forms ; tlms, when ho has 
skctchod them, ho will, as it were, be able to check Ids own 
work, and this may, it is hoped, lead him to try his hand on 
other objects ; he will thus gain power and courage, and will 
bo gradually led on to attempt (and to succeed in) higher things. 

Drawing, in addition to its use as a universal language, is a 
means of strengthening the powers of observation, and, viewed 
in this light, it is a study of the greatest importance to work- 
men. ^ To “Zoofc at” is not necessarily “to observe ” — the latter 
term implies a careful examination of all the parts of an object, 
an accurate study of the points in which they differ from others, 
and their peculiar adaptaldon to their special purpose. In this 
dewing materially aids the student ; for as each line of the 
object is followed, and compared with others, the mind is led to 
appreciate forms which would have escaped casual observation. 

arfiaau will understand what is meant by this accuracy in 
observing special forms, if he calls to mind the differences 
which exist in even the same tool, when adapted for the varions 
branches of handicraft. Take, for instance, snob a simple tool 
as a hammer, and note the variations in form between the 
® o^mer, the fitter’s hammer, the smith’s hammer, the 
'^tonm^er’s hammer, etc. ; and it must be remembered that 
au 1*0 differenoes visible are of importanoe in the work in 
Which the tools are to be used. 


Fig. 184 is a sketch of a pc^ of compasses, suoh as is com* 
monly used by machinists ; it is here given, in order that the 
student may compare it with Fig. 25, page 68, which repre- 
sents the same instmment used by the carpenter or joiner; and 
the difference will at once become evident. The meth(^ of 
drawing this object being in the main the same as that already 
given, is not repeated hero. The student is reminded, too, that 
even in the same branch there are different forms of the same 
instmmont — suoh as the compass with a quadrant and thumb* 
screw, and, for finer work, the spring-dividers ; all have their 
peculiarities, and each will afford a subject for careful study. 

Fig. 185 is a machinist’s screw-driver, which will afford 
another study as to the differences in form when compared with 
the joiner’s screw-driver, given in page 48. In this subject, too, 
the horizontal centre line a b having been drawn, the directions 
given in connection with the former subject are to be followed. 

Fig. 186 represents a pair of callipers. Draw the perpen- 
dicular A B, and the circles at the top. Next sketch the curve 
from o to B, and adopt as a general rule tliat the curve on the 
left side should bo drawn first when another is to be drawn to 
balance it ; for if the right curve wore sketched first, the hand 
would cover it when drawing the other, and thus the balancing 
would bo rendered difl&oult. 

When this curve, then, has been satisfactorily sketched, 
draw a lino, d, across tho widest part, and from F mark off the 
length p E equal to p i) ; the curve a B may then bo drawn. 

The inner linos to H and i are to be straight, and from these 
points the inner curves to tlio ends of tho legs are to bo drawn. 
It will be scon that, although the callipers are open, it is iwlvis- 
ablo to continue the curves in tho first instance to B, although 
only wanted as far as J, K. 

BHACTICAL OEOMETBY. 

A fair knowledge of Practical, Plano, and Solid Geometry is of 
the utmost importance in meclmnical drawing, in which tho 
various constructions are applied, and it is therefore assumed 
that the student has worked through tho majority of the figures 
in lessons in “ Practical Geometry applied to Linear Drawing” 
and “ Projection,” which ar^ intended as stopping-stones to the 
present lessons. 

A few additional figures, however, bearing immediately on 
the subjects to bo delineated, are hero given, and the student 
will find that tho application of these and other scientific 
methods will not only enable him to work with greater atscnracy 
than any empirical means, but will save much time and trouble. 

Figs. 187 and 188 show tho liability to inaccuracy where a 
straight lino has to be drawn to touch a circle. In Fig. 187, 
owing to tho grout radius of the circle, it is almost impossible 
to say which is tho exact point of tangent ; and in Fig. 188 it 
will be seen that, owing to there being no definite point at 
which to draw the straight line, it often occurs that it is so 
drawn as to cut off a portion of the circle. 

Fig. 180 shows two pulleys rotating in tho same direction by 
moans of a band wrapped round both. 

Now it will be clear that this band must touch tho circles, 
without cutting off any portion of the oircumferenoos, and must 
therefore bo composed of true tangents. 

Fig. 100 will remind the student that a true tangent is at 
right angles to the radius drawn from tho jjoiut of tangent. 

Having, therefore, set off on a straight line, A B (Fig. 180), 
the centres of tho two circles at their correct distanoe apart, 
and having described tho circles, draw diameters at right angles 
to A B. Those will cut tho circles in c D and E F, tlms giving 
tho exact points which are to bo joined by tho straight lines 
of the connecting band. 

Fig. 191 . — To draw tangents to a circle from a poinf , A, lying 
with^t it. 

From A draw a line to the centre of the circle, B. 

Bisect A B in c. 

From c, wi,th radius c b, describe an arc cutting the circle is 
D and E. 

Draw A D and A E, which will be tho required tangents ; and 
it will be soon that the radii drawn from d and B are at right 
angles to these. 

Fig. 192 shows the method of drawing tangents to two circloa 
of different diameters. 

Draw a straight line through the centres A and B of the 
oiroles, and produce it* 
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Draw any radius in either of the oiroles, as BC. In the 
second circle, draw a radius, A D, parallel to b c. 

From o draw a line through d, meeting the line of centres 
in X. 

The point X is therefore ** a point lying without the drole/’ 
from which it is required 
to draw a line which shall 
be a tangent to both circles, 
therefore proceed as in the 
last figure — viz.; — 

Bisect the line joining b 
and A in F. 

From F, with radius F A, 
describe an arc cutting the 
circle a in a and h. Draw 
the radii A o and A H. 

From B draw the radii 
b I and B j parallel to A G 
and A H. 

Then straight lines 
drawn from x through 
and H will meet the circle 
B in I and J, and will thus 
be tangents to both circdea. 

Fig. 193. — This figure 
shows a driving - band 
crossed, by which means 
the pulleys arc made to 
rotate in opposite direc- 
tions. 

Join the centres of the 
circles by the straight lino 
A B, and draw diameters at 
right angles to this lino, 
cutting the oiroles in c, d 
and E, F. 

Draw 0 F cutting A B 
in G. 

Bisect A o in H. 

From H, with radius h a, 
describe an arc cutting the 
circle a in i and j. 

Draw the radii A i and 
A J. 

In the circle B draw 
the radius bk parallel to 
A I, and the radius b l 
parfdlel to A j. 

Draw I K and j l, which, 
passing through o, will be 
the two lines required, 
each being tangential to 
both circles. 

Before proceeding to the 
next lesson it maybe men* 
tioned tliat tlio student 
should keep up the con- 
stant practice of free- 
hand drawing, since it is 
only by practice that any 
degree of proficiency can 
be obtained. Amongst 
other subjeots which might 
furnish good practice for 
free-hand drawing, are the 
following ; a vice, a hand- 
vice, a hammer, a pair of 
pliers, a pocket-knife with 
one of its blades open ; and 
then the student is advised 

t ) try his hand on ports of machines, as a hanger, a plummer- 
block, a orank, a cone-pulley, etc. Many of these subjects for 
study are to be found in the lessons in Technical Drawing,” 
and these may serve as guides ; but in the present stage the 
work is to be done by free-hand only. 

Again the student is urged to sketch very lightly at first, so 
that he may have an opportunity of reviewing his drawing as a 
whole before ** lining in he can then easily rub it out and 



repeat the lines. In starting any subject which, like the 
callipers and compasses, is equally balanced, a vertical line 
should always be dG».wn. Now, some persons have from habit 
acquired the power of drawing horizontal lines more easily 
thim upright ones, and therefore turn the drawing-board in 

order to draw the line 
parallel to their chest. 
This is a very bod praotioe, 
and should be carefully 
guarded against in young 
people. 

Nor should the board be 
turned in drawing the 
object itself. The left 
side should be drawn first, 
and then balanced by the 
right, as already described. 
The drawing should then 
be held up, and the faults 
in balancing will at once 
become visible. It is best 
in sketching, whether the 
form is to bo regular or 
otherwise, to generalise the 
Whole before drawing any 
single part definitely ; by 
this moans much time is 
spared, for the stndent 
will often, when ho pursues 
the opposite plan, find he 
has bestowed much care on 
drawing one portion of the 
subject, which when he 
comes to draw the rest, he 
finds too large, too small, 
or otherwise useless. A 
few touches, scattered as 
it were over the paper, 
will, however, enable him 
to judge of the general 
proportions of the whole, 
and of the position and 
space which should be 
occupied by the details. 

To do this, it is best to 
look upon the whole sub- 
ject in the first instance 
as one mass, and having 
sketched this, find the 
points where it might be 
divided into two or three 
smaller portions ; not abso- 
lutely drawing the lines, 
but marking off the spaces. 
By this method room will 
be found for aU the parts, 
and it will bo easy to get 
all the proportions correct. 

Having thus generalised, 
some fixed point should 
next be decided upon, and 
this should then be 
sketohed with some care, 
BO that other parts de- 
pendent upon it may bo 
properly placed. Thus 
proceeding, the minor 
details will follow in their 
places. 

It is a good plan for 
artisans to repeat their drawing in ink with a steel pen, 
instead of using the pencil ; in doing this the pen must not be 
pressed on, as in the down-strokes in writing, but the student 
must endeavour to keep a fine equal line throughout. In some 
oases a fiat-wash of colour may be thinly and lightly spread 
over the representation of the object, which practice wfil in 
some degree prepare the student for the lessons to be given 
further on. 
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TECHNICAL EDUCATION AT HOME AND 
ABROAD, 

Tn.-ET£Nnffa technical instbuction. 

BY 81B PHILIP MAONXTS. 

Whilst it is Tsry dssimble that tbs ohildren of the working 
olasses should remain at sdhool soffioientlj long to obtain a 
rudimentary ednoatlon of a praotioid oharaoter which shall 
serre as a fitt^ preparation for their snbseqnent work, they 
mnst neoessarily l^k to evening olasses for that teohniofd 
teaching which is to cany forward their, early school in- 
stmotlon, and to supplement their workshop training. How 
it frequently happens in this country that there is a great 
break in the boy’s education at this period of his life. 
Where no extern^ influence on the part of his employer is 
brought to bear upon the youth, ho too often postpones his 
attendance at evening chuiBes for some years, until he realises 
for himself the want of further knowledge. By this time 
he has unfortunately forgotten much of what he had learned 
at school, and consequently continues his education at a 
great disadvantage. In describing the system of instruc- 
tion adopted in many foreign countries, we shall have to 
refer to evening schools, the object: of which is to take up and 
continue the cMld’s education from the point at which he has 
left it off in the primary school. These schools are known as 
Fortbildungsohulen, or Erganzungschulen, and are in many 
oases preliminary to the technical instruction which artisan 
students may subsequently receive. As the age at which 
ohildren leave the elementary schools advances, schools of this 
kind, in which the subjects of primary instruction are further 
taught, will be less needed ; but there will always bo a 
large percentage of persons who ^ will require supplementary 
teaching of this kind before they can fully profit by technic^ 
instruction. 

It is of the opportunities afforded to the British workman of 
obtaining evening instruction in science, in art, and in tech- 
nology that 1 propose now to speak ; and it is satisfactory to 
find in the Beport of the Commissioners of Technical Instruction 
the statement that ** no organisation like that of the Science 
and Art Department and of the City and Guilds Institute 
exists in any continental country,” and that ** the absence of 
such organisations has been lamented by many competent 
persons with whom the commissioners came in contact 
abroad.” In nearly eveiy large town in this country, the 
workman and the apprentice have the opportunity of receiving 
sound teohnioal instruction, embracing theoretical and prac- 
tical science, art, and the applications of art and science 
to the special indnstry in which the artisan may be engaged. 
Although the system by which this instruotioii is given is 
now very generally known, it is desirable briefly to describe 
it to give completeness to this brief survey of Technical 
Education at Home.” 

BVBHINa SCIBNCB CLASSES. 

The classes for instruction in science, examinations in which 
were held during the year 1886 in 1,343 different centres, are 
under the direction of the Science and Art Department of the 
Committee of Counoil on Education. This Department was 
placed under its present direction in 1856, having been originally 
estabUshed in 1853, soon after the First International Exhibition, 
from which year the commencement of technical education in 
this country, cspeoislly of art education as applied to industries, 
may be said to date. The Department receives annually from 
Parliament a sum of money to defray the expenses connected 
with its work. In 1856-57 the sum voted was X64,675, but 
it has increased sevenfold since then. The money so voted 
is expended in the payment of teachers on the results of the 
examination of their pupils in science imd art, in prises, in 
scholarships awarded to distinguished students, in assisting 
in the building of laboratories and the purchase of apparatus, 
and in the maintenance of normal schools in London and 
DubUn. Aid is also given to teaffiiers and students in attend- 
ance at these schools. Examinations are held annually in 
twenty-flve subjects, the latest addition to these subjects being 
Hygiene. 

In 1859, when the system of making grants applicable to 
the whole eountzy was first introduced, the subjects for 
which aid wae obtainable were on^ six. The following is 


the list of tubjeots in which the X>epa«tmeht now holdg 
examinations, and in aid of the teaching of whi<^ it gives 
grants i — (1) Praotloal, Plana, and 661id Geometry ; (2) 
Oonstmetion and Drawing; (3) Building CJOnstmotion; (4) 
Naval Architecture and lowing; (5) Pure EathematioB ; 
(6) Theoretical Meohaaios ; (7) Aj^lied Meohanles ; (8> 
Sound, Light, and Heat ; (9) Hagnetiam and Eleotrioity ; 
(10) Inorganio Ohemiatry (theoretical) ; (10j>) Inorganic 
Chemiatzy (pxaotioal) ; (11) Organio Chemit^ (theoretical) ; 
(lip) Organio OhemiJHsy (practical) ; (12) Geology; (18) Mine- 
ntiogy ; (14) Animal Phyai^ogy ; (16) Mementary Botany; (16, 
17) Biology, induding Animal and vegetable Morj^diology and 
Physiology ; (18) Principles of Mining; (19) Metallaxgy (theo- 
retical); (19p) Metallorgy (practical); (20) Navigation; (21) 
Nantioal Astronomy; (22) Steam; (23) Phytiography ; (24) 
PrinoiploB of Agriculture; (25) Hygiene, Nearly all these 
subjects bear directly or indir^ly upon the industries at the 
country. Thus, while some acquaintance with mathematics, 
meoha^oB, and machine oonatrnotion is necessary to the 
engineer, the architect and builder require a knowledge 
of bnilding oonstrnotion and hygidne, the agrionltnrist needs 
to know something of biology and chemistry, and the mitiing 
engineer finds a knowledge of geology and znineralogy essen- 
tial to his progress. It will be seen that in many subjeots 
practical examinations are now held. Two at these subjects, 
animal physiology and physiography, though more remotely 
connected than any of the other subjeots in the list with 
industrial work, attract a very large number of students. 
Examination in each of the above subjeots consists of throe 
stages — the elementary, the advanced, and the honours, 
except mathematios, which is divided into seven stages. A 
can^date may pass in each stage in the first or in the second 
class. 

Payments on the results of these examinations are made to 
teachers at the following rates:— -In the dementaxy and 
advanced stages, £2 for a first class and £l for a second class ; 
in the honours stage, £4t for a first class and £2 for a second 
class. The payments in the advanced and honours stages do not, 
however, appear to be snfflexent to induce many of the teaohero 
to carry on their pupils to the higher examinations. Thus in 
1886, out of 60,742 sucoessful papers at the 3^partment*s 
examination, only 16,663 obtained a certificate in the advanced 
stage, and only 791 in the honours, and of these last, 178 gained 
a first class. It appears to be much more to the interest of the 
teacher to take two classes in the elementary stage than one in 
the elementary and one in the advanced ; and it is found tiiat 
many teachers, instead of confining their attention to one or 
two closely-allied subjects, give instruction in several different 
subjects, selecting them rather on account of the facility with 
which their pupils can be made to pass than for their connection 
with one another. In this way, many science teachers sucoeed 
in znaking a tolerably large income. The evil of this is seen in 
the fact that not only are the teachers of each subject less com- 
petent than they would be if they concentrated their whole 
thoughts upon one set of closely-allied subjects, but the pupils 
are likewise induced to go up for examination in the elementary 
stage of a variety of different subjects, many of which have no 
bearing whatever upon the industries in which they are en- 
gaged. This mental dissipation serves no useful purpose, and 
a reform has yet to be introduced into the Departments 
system of payment by results by which this misuse of the 
encouragement afforded by the State may be avoided. With the 
view of aiding and encouraging the systematio study of those 
branches of science which are correlated, and which form the 
best preparation for special technical instrnotion, additional 
payments are made on account of those students who attend 
the fall oouroe of instruction. Thus, under certain conditions, 
the Department pays an additional sum of Ss. on account of 
each pupil who attends the full course of instruction, and 
passes in one of the subjects laid down for his year. The oonroe 
of instruction, as laid down for day and night sohools, is as 
follows t — First Tear : Mathematios (subject v., first stage) ; 
Freehand Drawing (second grade art) ; Practical Plane 
Geometry (second g:^e art); Elementary Mechanics, in- 
cluding the physiosl property ai liquids and gases (subject vi,, 
first stage) ; IliysioB ^ Sound, Light, and Heat (subject viii., 
first stage), or Physiography (subject xxiii., first stage). 
Second Teat : (Thendstry, Ximrga^ (subject x., first staged 
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«iid irol^ («iibj#8i bL, 4tii|b4iit««i9), or Phyiiogropliy 
XftTil^oet xziii^ toooQd «te^} { aMhww tioi (leoond sad, 
M poiai]^ IoqH^ ; Ptoootkud Geomotrjr (plioie 

and oolid). (taldool lUot olNMlro)* ^ 

Xn tbt tldid ' jMur lie Ia fcpeoted to speelalise lt» itodiei 
in OM of 4^ loUoAr^ gcon|>ft, taking up. for inBtance t— 
(1) Chofidstrjr. aai^ Metallurgy $ (2) MeohanioA, Steam, 

Ckmitmoitiott, aoid Drawing ; (8) M^banios, Bnilding 
Conatruotioii, and Drawing; {4} PhjAiogtApby, Geology, Mine- 
xalogy^ uud Mining* 

It will be aeon VmA the bmtmotion aided by the Soienoe and 
Art Departmeiit ii only in the rariooi branohee or Aab-diViuone 
«of soie:m whkSi underlie the explanation of the prooeseea of 
arta and mannCadtiirea, bat the inatraotion so enoonraged ia 
not apemidiaed with a Tiew to its application to particular 
indoatriea, in aenae, it may be said to be general rather 
than teohnioal, and ia intended to be ao. The different classes 
•of trades are so numerons that the question of providing speoifio 
instmotion a^pted to the requirements of persona engaged in 
^eaoh partionlar industry is full of diffionlties, and considering that 
^he teaching of soienoe and of art oonstitates the basis, and, in* 
^eed, the greater part, of all teohnioid edooation, the Department, 
-in reatrioting its operationa to the encouragement of teaching of 
ithis kind, doea all that can be expected from the State. It will 
be seen, too, that the different branches of soienoe, instmotion 
in wMoh [is snbsidiaed by grants, are greatly subdivided ; and 
it is possible that ihe wants of artisans may ^ farther met by 
an extension of this ayatem. For instanoe, it haabeen auggested 
by the Oommisaioneia on Teohnioal Instmotion that the anbjeot 
of metallurgy might be divided into three sections, oomprising 
<1) the precious metals, (2) copper, tin, lead, etc., and (8) iron 
and steel. Snoh a snbdiviBion of the snbjeot would doubtleas 
be of assistance to the advanced student engaged in the 
working of any one of these groups of metals, bnt the 
alementary student would find a more general knowledge of 
<the ohemistzy of metals essential to him in the study of metal* 
lurgioal prooesees ; and there is much to be said against the 
breaking up of a branch of soienoe into separate sections in 
the early stages of the stady of that science. Even the present 
arrangement of subjects ia not free from snoh disadvantagea ; 
and objections have been raised to it on the ground that the 
elementary stages of the examinations do not embrace a 
sufficiently wide range of aabjeots to encourage that general 
and broad instmotion which is needed in commencing the study 
of any one branch of soienoe. 

This disadvantage is a necessary and almost irremediable 
«oon8eqn6noe of the system of developing the work from a common 
•centre. If e%oh locality were free to provide that kind of in- 
^stmotion best adapted to the requirements of its artisan students, 
it is probable that the instruction in pure science would be made 
to have a more direct bearing upon, and more closely to lead up 
the applimbtions of it ne^ed in the staple industries of the 
•district. There is no reason why the method of soientiffo 
investigation, and the habits which the systematic study of any 
•branch of soienoe tend to inculcate, should not be obtainable 
•eqnsBy from those parts of a subject which bear directly upon 
the industry in which the student ia engagred as from other 
parts in which he is leas interested. Whilst it is well that 
^very student should have a ,general idea of the whole range of 
topics with which any partionlar science has to deal, the 
Aortissji student, who has little time at his disposal, is naturally 
•eager to approach the consideration of those problems which 
have reference to the industry in which he is engaged ; and 
there ^n be little doubt that if unfettered by any central 
authority, the teaching of chemistry, mechanics, or botany in 
•different to^s would be speoialised aooording to the require- 
ments of different sets of artisans, as soon as the general or 
wtroduotory sta^ had been reached. The payment of teachers 
•from Imperial Exchequer renders it necessary that the 
inramotion should be tested by the Government authorities, 
way appears to have been yet disoovered of combining 
instmotion witii a guarantee of its soundness 
and thomnghnesA, esoept through the instrumentality of 
ezaimnation^ to whioh jmpils of very different tosses are 
Attbjsoted. WhAn, however, looal authorities take 
gnm^iatesest In the this diffiooll^ wfll doubtless be 


BUILDING 

ATtCHSS (eoTifinued). 

Ws now some to the square-headed window (Fig. 4|S)« re^Eenced 
to in tile last lesson. 

Draw a perpendicular, ▲ B, and at the point c draw u hori- 
zontal lino ; the point o representing the height of the top Hat 
of the sill from the ground, or some fixed horizontal hnei sueh 
08 a string course. 

On each side of o set off half the width of the window, p and 
s i and at these points erect perpendioulors of indefinite he^^t. 

Now as the whole height of the jamb is to be thirty bzioks, 
take the height of ten bricks, or any other multiplB of thirty, 



and sot it off on the perpendicular i>, as many times as may be 
required ; then subdivide each of these spaces (5, 10, 15, etc.) 
into the proper number of bricks (this is more accurate than 
to set off the bricks separately) ; then from the highest point 
draw the horizontal f o, catting the perpendicular iu i. This 
will complete the oblong for the window, and the line f o will 
form the intrados, or soffit, of the square arch. 

Now it has already been stated that the “ skew-back ** usuallj 
inclines at 60^ ; therefore, on F a construct the equilateral 
triangle F o and produce thq aides beyond F and o. 

The height of a ganged arch must be some multiple of the 
height of one brick, on the fiat with its joint — viz., tbm or four 
ooumes-— in this instanoe say four; therefore, draw at that 
height the line k l, which will give ^ e$strado$ of the arch. 

Bet off on each side of tiie eentrol perpendicular on th# 
half the thiokhetNi of a brick, and then fill up the te* 
mAining petition of the Hue on «adi Aide with the widtiiA of 


lift. 




Wpm «iu)}i 1)b^^ tew Bnte to k, wWi will 
^ifido the general form of tl^ aardh into a number of wedges. 
IfSiii win comply the (teight aroh. As the whole thioknessof 
wnoh an aroh, reckoning it onUipioly aooording to ihe linea of the 
joints of the aroh briol^ and which therefore Tarios aocording to 
the aitiiation of those joints, 
cannot he obtained from one 
|>rioh^ the depth la nsnally 
nomda up of two pieoea. But 
tha horiiontal lines, m and k, 
ace not the real Joints, but 
lidae ones marked for effect; 
ihe teal Joints are not horlson- 
tal, but perpendionlar to the 
nentre line of the brick. The 
seal joint soon becomes risible 
when time has changed the 
wotoiir of the bricks. 

Haring done this, through 
the points of division in the 
ddes draw horisontal lines, 
which may be carried over to 


right hand i»ese on te blade, to inwrmiiii riiljig at te 
at tetant pte Where this oconra, the pencil or pen*pQint ia 
hable to travel out of te xeqniztd tv^ It is Adriaable to 
mark off with oompaaaee on the last window, or on a Bne at the 
extreme right of the bcsurd, a few of the pc4nte, apchas i> 5, 

o 10, ato.|*ihere will act as 
gnide-pointii^ and will serve to 
ohe(^ tiie work. The rest of 
the window- win be completed 
by marking off whole bricks, 
h^ve8,andolosm, and drawing 
the neoeasacy vertical lines. 

It will be seen that in th&a 
window the stone sUl ocoupiea 
the height of two bricks. When 
this has been drawn, the nnm- 
ber of oonreee of bri^ under- 
neath may be added according 
to oiroumatanoee. 

Fig. 64 shows the plan of tho 
eame window. If the elevation 
is to be projected from a given 




the olher side ; in fact, If there are eeveral windows, or even plan, this must be Bniehed first ; and perpendiculars raised 
It the eourses are to be marked, they may be carried along from o and p, which will give the width of the window, 
lha whole elevation, and will save aU the trouble of vepeat- Fig. 65 ie a study of the front elevation of a window, the 
lug the meaeurement. A praoticel hint ie, however, neoes- head oi which is formed by e segment arob, gauged. Tho 
in order to secure accuracy in this operation., ihret, be general form of the aperti^ and the eourses of Moks^ the 
wei^ earefol that your T-equare is held tightly agei^ the left eUl, etc, will all be dene by the method ehown in the Imnner 
edge of ybnr hoecd, and as yonmore your pencil along, let your eubjeot. 





itai it tcmob* } iM9 Is not to; «iid«i lte tlmurti^iUbit cil)}|^^ 
isf iAie %t t 3)116 of oentto irlll, of ootao, tHU be the te^eney to foroe the weU out of ^ perpendieiilttr* 

de|>6odott theiirei^ or oitn^^oltt^ Si ^ Oonetitate Seoai-oiroiUar and eUiptioal earohee «re not* howereTi open 

ol thettrcih; f or^ of opiinei Hm lower the oentre be idaoed, the to this objeotUm, ae in these the thmst ie more direotiy 
kmger be ri^Ofl, and hehoe the ^flatter the aro. downwarde. 

Kow aet off x> IB equal to the intended heigrht cf the aroh — ^in Figr* 67 is a semi^elHptioal aroh, using the tenn in an 

tys oase 12 inohee ; wil^ O n as radius de^be the eeirados, proximate sense, for it will be remembered that, strfotiy spea^ 
and on it set off the iHdih of the brioks ; that is, the length of ing, no portion of an ellipse is a part of a oirole. The figure^ 
their thoriest sd^rsf. From these points draw radii to ihe centre, however, shows the form adopted for general purposes, and the 
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which will give the wedge-like divisions in the arch. Divide 
these alternately into brick and half-bri(dc, and complete the 
rest of the brickwork and sUL 

3^. 06 is the back or interior of the same window. Here it 
be seen that the arch at the bads is f<med of two tings of 
bwf-a-brick eaoh, worked as rough arches ; the lower portion of 
^ width of the ganged aroh is thus left, and forms the revel 
elevation shows also the positions of the 
WK»d-brioki for the attachment of the woodwork. 

Se^ent arches are not deemed advisabls in the elevatimis of 
detach^ or comer houses, for al^ough they may be safe as 
far as the middle ardhes are oonoemed, since the thrust of eadi 
the other, and they receive muhml support from the 
pteTi wmdh is oommon to both, yet in regird to the outer arch 


oonstruction of such an elliptical figure will be given in a future 
lesson of ** Practical Cteometry applied to Linear Drawing.’* 

The span and rise— that is, &e long and half of the short 
diameter— being given, oonstruct the ellipse, and another parallel 
to it, struck fim the same centres. 

off on the outer curve the sises of the bricks, and then 
the r^ii arC to be drawn to the centres from which the arcs on 
wMoh they are {fiaoed are struck. Thus sll those between a 
and B will be drawn to the centre o, whHst all those between a 
and D and b and b will be drawn to F and o. 

This subject will be further treated of when the conatmotion 
of stone arches is described. 

Fig. 68, taken from an exceUent German example, shows the 
union of the straight vrith the segment arch. 
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CALICO ?EXKTINa (00^^ 

*taM lijla of priatiog ^OMdbfd in the prwkm letaoip yok|M 
nsolosi^^ ix> iho pamliMtionpf in coo or move oolearB 

upon a wUU , !taiere howorer, a raoMity of ptW 

offeote witioli H ii ^eebable to prodooe, that cell eitlier lor a 
modifleation of the plan whioh haa been detailed already, or for 
tbe introdnetion of fresh processes* Ihese most now ooenpy 
cor attention. 

In many flniidied goods the pattern ia white or,, tinted, while 
the ground ia oolong. There are variona ways, of prodnoing 
this effeot. We will take first a white pattern npon bine. A 
reaist, as it ia termed, oompoaed of acetate and sulphate of 
oopper, thickened with gnm and pipeclay, would be printed 
upon those portions which are to remain white, and the doth 
wonld then bs suspended in a rather moist atmosphere for a 
oonple of days, to seonre its taking thorough hold of the fabric. 
It may then be dyed in the indigo Tat in the nsual way. The 
portiona oorered by the reaiat are preaerred from contact with 
the dye, and the copper aalts oontained in it act aa a double 
preventire, by alao withdrawing the lime from the aoluidon of 
indigo which cornea into contact with them, and which ia neces- 
sary to its aolubility, thus producing an inaolubre compound on 
the exterior of the resist, which is aubsequently easily remored 
by washing. Sulphate of sino is sometimes prefen^ to the 
sdta of copper ; it produces the same result, by causing the 
oxidation of the indi^, and tl^s rendering it insolublo. 

A yellow pattern upon a blue ground would be obtained by 
printing the oloth with a resist as before, and then dyeing the 
cloth in the indigo vat ; but in this oase the resist must contain 
nitrate of lead, as well as the copper salts and the usual thicken- 
ings ; and afto having been dyed the oloth must be dipped in a 
weak solution of bichromate of potash, when the chromium will 
combine with the lead in the reaiat, and produce the yellow 
colour in the pattern which is due to ohromate of lead. 

The vegetable colours desoribed in the last lesson may be 
printed upon a oloth which is to be dyed blue by indigo $ thus, 
n pattern in red may be produced with madder, by adopting 
the following prooedure. The resist must contain alum and 
other mordants, aa in dyeing Turkey red, mixed with gum and 
pipeolay for thickening; and the pattern be printed with it 
on the oloth in the uauad way. After being left to age for a 
oouple of da^, the fabrio has to be passed through the indigo 
vat, which will furnish the neoessary grounding, then dunged find 
dyed with madder, and finally brightened wi3i bran and soap. 
It will be readily seen from these instances that almost any 
combinations of colours maybe produced in the pattern without 
affecting the blue grounds; just e« any number of colours 
may be printed on a white ground, by making a proper selection 
of the ingredients composing the resist, the indigo haying no 
offeot upon the porta so protected, whil6, on the other hand, the 
dyes used for the pattern will not permanently fix upon any 
portiona but those impregnated with the appropriate mordants 
and alterants. In dyeing the ground, however, it is not usual 
to immerse the goods in the indigo vat aa described in Losson 
n., but merely to pass them through the vat ouoe, by carrying 
them over a aeries of rollers passing under the liquid, during 
the oouTse of which they get sufficiently impregnated with the 
dye for this purpose. 

It may be desired to produce a pattern in white, upon a 
ground of some other colour than indigo blue, and one that can 
only be fixed by a mordant. The rosist will then be made of 
gum and pipeolay, mixed with lime-juice or other acid ingredient 
which shall be capable of oombining with the mordant so os to 
produce a soluble compound. Such a resist will effectually pro- 
tect those portiona of the olotb printed with it from the iron 
and aluminous mordants used in dyeing with ma dder and other 
vegetable colours. Tinted figures may also be produced with 
sack groundings, by including the salts of tin in the resist. In 
tkesa.oasea the usual processes of mordanting, ageing, dunging, 
and dloaring will have to be gone thxongk after the reserves 
have been printed with the reeiat. 

We must now consider a totally different plan of. attaining 
the same rea^t, and one whicdi ia adopted in many large works. 
Instead of preserfing the pattern from the infioenoa of the dye 
by means of reaiat% it oonaSata In depriving povtto&a Of the 
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TliUlateek#»dlyoalW4<a«^^ It iji 
oftheiveQe^cpataj^ SWridiimipoaoifae^^m 
ing agents ara in raqoi ait ion» bat they have to be 
applied, astkeir aorionkaa to be limited to tboie apote w9im 
are to oosetitute the pattenu The ordinary prooeie of 
ing by chlorine ia, oomparatively apealdng^ a alow ofloo, bat it 
he greatly amiiedited by the addition of an acid to free 
the chloripe oontained in the bleaohiiig*powder> A p^eoe of 
goods uniformly dyed with madder in the usual way oan have a 
pattern printed upon it containing an aoid diaohiuger, and on 
immersing it afterwards in a solution of rii lori de of Hme, the 
parts printed wiik the diaoharger will be bleached by the 
ohlorine set free by the add, before the liquor win have exer- 
cised any appreciable effeot upon the portiona not so printed. 
The operation is, of course, stopped the moment that the pattern 
has been properly developed, which ordinarily will not occupy 
more than two or three minutes, on which account it is found 
most convenient merely to draw the doth through the liquid by 
passing it between squeessing rollers. After pasting the second 
pair of these it goes into the dadi-wheel, in order to be 
thoroughly washed. 

Ano^er plan of applying the bleaching liquor to oertain 
portions of the surface is largely adopted in printing handker- 
■ohiefs in imitation of the Indian bandknas, in whioh the aid of 
powerful machinery is brought into requisition. Hydraulic 
presses are employed, whioh oonvey motion to two plates, an 
upper and an under, whioh are perforated with holes exactly 
oorresponding with the spots which are to be bleaohed. Upon 
the lower plate a number of pieces of Turkey red oloth are laid 
very evenly, and it is then raised by the hydraulic pump until 
it presses against the upper plate with the force of about 300 
tons. The bleaching liquor is then poured into the interstices 
in the upper plate which form the pattern, and passing through 
the cloth and out by the oorresponding spaces in the lower 
plate, it carries with it all the odour, while the rest of the 
oloth is preserved from any action of the ohlorine by the 
extreme pressure put upon it. The action of the bleaching 
liquor is accelerated by mixing with it some sulphuric aoid, and 
if a strong solution is used ^e ohlorine is forced through by 
artificial pressure. As soon as this process is acoompUshed, 
pure water is passed through in the same manner, in order to 
wash away the ohlorine. If, instead of a white pattern, one of 
some other colour be desired, it oan be communicated without 
removing the goods from the press ; but when the whites are to 
be filled up with some parti-oolonred device, the hand-block is 
generally used for the purpose. 

When a discharge is to be produced upon an article dyed 
with indigo, chromic acid is used instead of chlorine. Ihe 
plan adopted is as follows : — The surface of the blue oloth is 
padded with a solution Of bichromate of potash, by passing it 
under a roller the lower portion of whioh is immers^ in the 
liquid, then between the drying rollers to squeeze out the 
excess, and afterwards through a hot flue ; it is then printed 
with a discharger ordinarily made of oxalic and aulphurio adds 
thickened with starch, and immediately washed in water con- 
taining a little chalk. The adds oontained in the discharger 
combine with the potash, leaving the ohromio add free to aot 
upon the indigo, and so depriving the latter immediately of its 
colour. The doth is then thoroughly washed in the dash-wheeL 
If some of the salts of load be added to the discharger, a yellow 
instead of a white pattern will be the result. 

In oases where dyes are employed whioh require the presence 
of mordants or alterants, the ^chargers are used before dydng 
instead of afterwards. The object then is to annul the effeot 
of the mordant, so that at the subsequent process of dydng 
the colouring matter shall not take permanent hold of those 
parts whioh are to remain white. The mordants generally need 
for vegetable dyes— -alum end the salts of iron— are best neutra- 
lised by lime-jnioe, tartaric and nxalio aoids, thickened in the 
usual maxiner. 

Mineral oolours are usually discharged in the same way as 
the mordants above desoribed, tmA. by means <ff the some adds, 
the resist being riiat the salt of the metal enters into oombi- 
nation with the add, forming a oomponnd which in some im 
etanoes is odourless, and in others oan be removed by washing i 
in eitbor case the desired effeot is equally attained. If Prussian 
blue is the pplouriiig material, the doth must be first printed 
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with A WSk «iid tlna imsMcied in 

ozaHo A^d. The ^tsoeeM ihwAd^ detoriy>ed in dyei^ with this 
Aobicr will than bs mmsd onliMe portions of the fhbsio. sad 
ths roin lt i ng ; cKanpoands wiU proiro ronovAblo bj wAshtny 
Botasthnasu bowlsror« it is tha object of the dyor to oombine with 
<ho diiofaairg^ substsiiOos whioh sbAll act s« mordants 
for ool^on to }m nobseiiasnidj appUsd; ihos the protoohloride 
of tin nmy be nsod to deoompose a brown prodnoed by man* 
g a a e ee » and at the same tbne form a mordant for snob dye-stnffs 
M (ine^tron or loywood ; and farther oombinatioms may be 
made, each aoTeral disobaryer being applied in snooesaion by 
a different oylinder, so as to prodnoe at the Bab8eq.tient dymng 
so many different shades or oolonrs in the pattern. 

There is again another process for a pattern in 

Tarions shades of bine, wbioh is a modification of the ordinary 
mode of dyeing with indigo. It is only applicable to this par- 
tionlar dye, but is, nevertheleBa, of sufficient importance to 
warrant a detailed desoription. Instead of oouverting the blue 
indigo of oommeroe into the white soluble indigo in the vat. 
and then worldng the whole piece in the liquid, whidh would 
produce a uniform depth of colour throughout, the indi^ is 
printed on the materiid in its bine state, and is afterwards dis- 
eolyed. By this means a permanent figm in blue can be pro- 
duced upon a white ground, and, by yarying the strengrth of the 
comj^sition communicated to it by the cylinder or block, any 
required shade or any number of shades can be obtained. The 
oomposition used for this purpose usually contains about equal 
weights of indigo and sulphate of iron, finely ground, and mixed 
up into a paste with a yaiying quantii^ of gum-wato or starch, 
according to the depth of colour required. Sometimes the 
acetate of iron is substituted for the sulphate. As many pastes 
of different strengths as may be wished arc printed from suo- 
cossiye cylinders upon the white cloth, and it is then hung up 
to dry for about a couple of days. Three yata are then pre- 
pared, the first containing an aqueous solution of lime, the 
second of sulphate of iron, and the third of caustic soda. Into 
these vats the cloth is dipped in the following order — into the 
lime and iron twice alternately, then into the soda, next into 
the iron and lime twice altmnately, then again into the iron, 
and lastly into the soda. Each dipping should occupy ten 
minutes, with on interval between each of five minutes, to allow 
for the solution draining off. The oxide of iron which will be 
deposited on the goods during those immersions is got rid of by 
passing them through a bath of dilute sulphuric acid, after 
which they are well washed in pure water. The materials 
employed will be seen to be nearly the same as those used for 
dyeing in the indigo vat, and the result is due to the same 
ohomical action. At each immersion in the Umc-vat a certain 
portion of the sulphate or acetate of iron is decomposed, and 
an equiyalent quantity of the indigo rendered soluble, which 
thou enters into the fabric, and becomes oxidised again while the 
cloth is hanging up to drain, so that by the time it has under- 
irone the series of dippings prescribed a sufficient depth of 
colour will have been attained. This style is generally known 
as “ China blue printing.*’ 

Vei^tablo dyes used with the salts of tin, commonly called 
“spirit colours,” produce brilliant patterns, but unfortunately 
they are not fast. Many colours may, however, be printed with 
a mordant, and then fixed by the action of steam, so as to pro- 
duce an effective and permanent design. For this purpose a 
steam-chest has to be provided, in the upper part of whioh the 
goods are suspended for half to three-quarters of an hour, while 
the steam is let in by a pipe from below, care being taken not to 
lot the steam condense upon them, or the dyes would be apt to 
In some dye-works high-pressure steam is applied, when 
the duration of tiie steaming is i^uoed to one-half the time. 
A good red is obtained by this process with Brazil or sapan- 
wood printed wi^ an alnminons mordant, and a very brilUant 
colour with cochineal combined with chloride of tin and oxaUo 
Yellow berries are generally used for the .colour indicated 
y their name, which may be employed either alone or with a 
to mordant, tiie latter communicating to them an additional 
bnmanoe. The fetrooyanide of potassium is always used when 
a steam blue is required. Black can be produced by this 
means ; an extract logwood and galls combined with on iron 
mor^t lancing the reaction which baa already been de- 
eenbed in the lesson on dyeing. 

The inteUifent readerwill fail to observethat the various : 


processes described in this and the preced^bg urthde are 
capable being combed, and some of the beiA effbots are 
reelised a combination of one or more of < lot cider to 
avoid confusion, the printing of cotton goods has been exdu* 
slvebr treated ; wodUens and mixed fabrics have also to be dealt 
with in practice, but these are of so much less importimee that 
tlm reader must be left to apply to them such modifications as 
be suggested by a consideration of the principlea which 
have already been Idd down when speaking of the dyeihg of 
the se classes of goods. 


PROJECTION.--XI. 

ISOMETBICAL P B 0 J E CTIO IT.* 

Ik all the previous construotiona, it will have been observed 
that the projeotions have been obtained by the union of plant 
and elevations, 

^ Isometrioal ^ojeotion enables the dranghisman to work oat 
viewa of buildings, etc., vdthout these separate drawings^ but 
still embodying both. This most useful system may be called 
the perspeotivo of the workshop, as by its means we are enabled, 
not only to show in one drawing a view of the complete object, 
bnt all the lines of the projection may be measured by a uniform 
scale; and hence the name, isometricalf derived from two 
Greek words meaning “ equal moasnres.” 

In this respect it differs from perspective, in whioh the sizes 
of all objects and lines diminish as they recede into the dis- 
tance, according to distigot optical laws ; and it differs also 
from orthographic projection (which has formed the subject of 
our study hitherto), as in that branch of science the lengths of 
the lines are altered according to the angle at whioh the object 
may be placed. The whole system of isometrioal projection is 
based on a cube resting on one of its solid angles, whilst its 
base is raised until the one solid diagonal — that is, the diagonal 
whioh connects the one angle of the .top to the opposite angle 
of the bottom — is parallel to the horizontal plane. Then, if 
the cube be rotated on the angle on which it rests until the 
diagonal is at right angles to the vertical plane, the projection 
of the cube will be a regular hexagon. This will be clearly 
imdorstood on referring to the following figures. 

THE I80METBICAL PBOJSCTION OF A CITBE. 

Fig. 115 is the plan and Fig. 116 is the elevation of a cube, 
when raised on the solid angle a, so that the solid diagonal, 
A b, is horizontal, and thus when rotated on a, until A B is at 
right angles to the vertical plane, as in Fig. 117, the point 6 is 
hidden by the point A, and the projection will be seen to be a 
regular hexagon. 

Now wo know that when a regular hexagon stands on one 
angle, so that a line drawn from that angle to the centre may 
be quite upright, the two sides acljacent will be at 30® to the 
line on which the figure stands; and this knowledge enables 
US to draw the isometrioal projection of a cube without plan or 
elevation, but by means of the set-square of 30®, 60®, and 90®, 
by simply placing it with the long side of the right angle 
against the T-square (see Fig. 118), and having drawn one line 
of the hexagon, reversing the set-square and drawing the other, 
then either moving the square along until its short edge is at 
the point of meeting of the two previously drawn lines, or 
taming it so that the short edge rests on -^e set-squoro, and 
thus dmwing the vertical line. These three lines are then to 
be made equal, and the upper lines of the hexagon may be 
drawn, by again placing the set-square in the first and second 
position when the T-square is moved higher up on the board. 
All the lines forming the projection of the cube will thus be 
seen to be equal, but they will tkot be the real size which they 
would be in the plan or elevation, but will all of them bear the 
same proportion to the original measurement, and may there* 
fore be measured by a uniform scale throughout. 

To understand the construction of. the isometrioal scale, 
observe that the i^quare, A b o B (Fig. 1X5), is represented in the 
projection (Fig. 119) by the lozenge, a' o 5 B, and that all the 
other sidee, wMch we ^ow to be squAres equal to A b o i>, are 
represented by lozenges similar and eCpial to c & b. In Fig. 
119, tiierefore, this lozenge is placed within the square, and it 
wffl then be seen that the aide bb of the square is at to 


® Invented liy Professor Parish, of Oamhridge, about 1820. 
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V wtilnt the tide of the lotenffe, t> h, it at 80^ to B «• The 
difference, then, between the triangle d s b and the triangle 
D B B, is the triangle t>bB, the angle b b b being and bb b 
being 45^ 

It will therefore be plain that if a aide of a onbe be given, 
and we are required to ind the tide of ^e hexagon whioh ahonld 
form the ieometrio projeotlon of ^e onbe, we need only take 
^e given length aa die bate of a triangle, ai db. Oonetmot 
an angle of 18^ ^ one end (b) and of 45^ at the other (b). 
Then the aide J>b of snoh triangle will be the required length 
of the aide of the hexagon^ and any diviaiona or parta marked 
on B B, aa s /, may be transferred to b b, by drawing a line from 
/, parallel to B b, cutting b b in y ; then b g will have the same 
proportion to B B that B /haa to b B. 


TO OONSTBUCT AH ISOKSTBIOAL SCALB. 

Now let it be required to oonetmot an iaometrioal scale, ao 
that the object delineated may be one-twelfth of the real edzo. 
It will, of oonrae, be understood that this scale is one inch to 
the foot, aa an inch is one-twelfth of a foot; and further, 
that if tiua inch be divided into twelve equal pazta, each of the 
twelfths will represent the inches of the real meaanrement ; 
that ia, they will bear the same relation to an inch that an Inch 
does to a foot — ^viz., one-twelfth; and, therefore, aa in the pro- 
posed scale an vneh represents a foott necessarily a twelfth of 
an inch, represents an inch. The object to be projected ia a 
box, 1' 6" long, 0" wide, and 6'' high ; the aides and bottom 
being 2" thick.* 

Draw the line B D (Fig. 120) an inch and a half long, repre- 
senting the real lengr& of the box — viz., afoot and a half and 
mark on this the twelfths of inches, whioh are to represent 
inches on the scale. Draw at B a line at 15^ to d b (which is 
most accurately done by drawing a line with your 80^ set-square, 
and bisecting the angle). Draw at B a lino at 45* to bd, 
cutting the line drawn ^m B in b ; then the triangle B b b in 
Fig. 120 will be similar to the triangle B b B in Fig. 119, and 
therefore B b in Fig. 120 will have the same proportion to b B 
that the lines similarly lettered in Fig. 119 have to each other. 
From the points 1, 2, 8, 4, etc., in B B draw lines parallel to b b, 
and these will divide b b proporiionately to B B, and the divisions 
will thus, on the isometrioal drawing, represent inches, and the 
lino B b is an iaometrioal scale of 


TO PBOJXOT A BOX ISOHXTBICAIiLT. 

We con now attempt the object, Fig. 121. By means of the 
set-square of 80^, draw the lines a b and a o ; make A b 1' 6" 
long by the iaometrioal scale (the line b b), and make A o 1' 
long. At A B and o draw perpendiculars. 

Make A b 6" high, and from B draw lines parallel to A B and 
A 0, and cutting ^e perpendiculars B and o in b and 7. 

^om b and xdraw lines parallel to b f and b b, meeting in 

0, and this will complete the object as far as the mere block is 
concerned ; and aa a rule, it is advisable to project the general 

" block view before attempting the detail. 

From B, B, and 7, mark off 2** by scale — ^viz., h, «,y, h, and 
from these draw lines parallel to b B, b 7, whioh, intersecting in 

1, m, n, o, will give the inner edge of the sides of the box, whioh, 
it will be remembered; are 2* thick. 

The bottom of the box is also 2” thick, therefore on the per- 
pendicular A set off A j>, and draw p q and p r parallel to A b 
and A c. 

Prom h, 1 , J, h draw perpendionlars to out these linos in 
and ^m these points draw lines parallel to the sides 
of the box, cutting perpendiculars drawn from Z, w, n, o in 
whiidi will show the junction of the inner sides of the 
•vails and the bottom, and win oomplete the projection. 


TO PBOyBOT A Tomt-ABMBB CBOS8. 

^Hg. 182 rilowa the isometrioal projection of a four-srmed 
jrosi stsaiding on a square pedestal Scale, i of sn inch to the 
of pedestal, 8 &t; hi^ht of ditto, 2 feet; com- 
“Sight of cross, 14 feet 

IJe pedestal having been projected in a manner precisely 
«nn^r to that by which t^ box 0^. 121) was drawn, carry 
op l^e pen>^dioiilars from thq angles ; make the perpendicular 
A B 14 feet high, and by drawing lines from b parallel to the 


• A jj^dont is xemhided that one dash (0 over a flxure means ft 

and two dasiias n 4wbat , thus X' r is cue foot six iaebes. 


sidsB of ths bass, oomplsts the top of a bkok whioh would con- 
tain the entire object ; for, as the oomplete height of the cross 
is 14 feet, the top of the upright would be in the top of the 
blo<dc ; and as the arms are 8 feet long from end to end, their 
extremities would be in the sides of the block, which may thus 
represent a glass esse exacily containing ths cross. 

Ths thiokness of the central* upright is 2' 0^' ; and as the 
width of the side of the pedestal is 8' O'', it follows that if 8' 0^ 
be marked off from c to «, fri>m B to d, from c to /, and from B 
to y, the spaces d e and/ y will each be 2' O’*. 

fSrom d, e and /, y draw lines parallel to the sides of the 
pedestal, whioh, crossing, will give the lozenge hj i Is, which is 
the plan of the central upright. From d, e,/, y draw perpendion- 
lars to touch the edges of the top of the solid block, b 7 and 
B Q in Z, m, n, o, and lines drawn from these points parallel to 
the sides will give the top of the central upright. On the front 
perpendicular A mark off q at 9' 0", and P at 11' 0" fri>m the 
bottom, and from those points draw lines parallel to the sides 
o B and c B. These will grive the heights of the top and bottom 
edges of the arms. But the arms are not ao thick as the centiul 
upright, being only 1' 0** ; therefore between d and e, and / 
and y, mark ^ half a foot from each of the points. This will 
leave the spaces r s and i u each 1' 0" wide. From these draw 
perpendionlars, which, cutting the linps drawn from p and g, 
will give the ends of Ike arms ; then ^w lines parallel to the 
sides of the pedestal, cutting hj and hh iaVyW and s, y, and 
from these points draw pezpendioulars. From the angles of 
the ends of the arms dra\v lines parallel to the sides of the 
pedestal, cutting these perpendionlt^, and these will' oomplete 
the two arms whioh are turned towards the front. By pro- 
ducing these lines as shown in the diagram, the portions visible 
of the opposite arms may be drawn. AH further detail will, it 
is hoped, be rendered clear by reference to the figure. 

THB ISOUBTBIC OIBCLB. 

Projection does not deal with curves as such, but it becomes 
necessary to find points in rectilineal figrures through whioh the 
curves pass, then to project the rectilineal figure, and traoe the 
curve through the points so obtained. Thus for isometrioal 
purposes (as in radlAl perspective) the circle is enclosed in a 
square (Fig. 123). 

Having drawn the circle, describe around it the square A b c b. 
Draw the diagonals, and also the two diameters, at right angles 
to each other, meeting the sides of the square in the tangent 
points B, 7, a, H. 

The circle not only tonOhes at these fonr points, but cuts 
through the diagonals in the points J, x, l, m. Draw lines 
through each of these points, cutting the sides of the square 
in j, k, Z, m. 

I^oeeding now to project the circle thus prepared, draw the 
diagonal c b in Fig. 124 equal to c B in Fig. 128. From o and 
B lines at 80*’ to o B, intersecting in A and b. This will 
be the isometrical representation of the enclosing square. 

The points b, f, a, h and y, ky l,m are obtained by marking from 
A the distances Ay, y B, B Z, and Ay, y 7, and 7m, and drawizig 
lines from these points parallel to the sides of the figure. The 
intersections j, K, l, m will thus be obtained through which the 
ellipse, whioh is the isometrioal projection of the oirole, is^to be 
drawn. The study may be oanied on to the prqjeorion of a 
cylinder, by repeating operation for the bott^, and joining 
the intersections by perpeu^oulors. 

The Hmits of these papers neoessarily preclude farther illus- 
trations of this bran^ of projection. Various objects will, 
however, be delineated on tiiis simple system in ^e lessons 
in Teohnical Drawing devoted to Architectural and Bnginegring 
Drawing. 


ANIMAL OOMMEROIAL PRODUCTS.— XI. 

FBOBUOTS 07 TRX oBAM viBOW (continued), 

lx our last lesson it was stated that Cuvier divided the class 
PIsoes into two sub-olasses-r- 

1. Pisces ostei, or bony fishes. 

2. Pisces eartUagineiy or cartilaginous fishes. 

The first sub-class of osseous fishes , is arranged according to 
the character of the organs of looomoi^on into-^ 
JLeanthoptergffH (Gr^ dkanihoy a spins, and pterygiony a fin), 
or spiny-finned fishes* Examples t pareh# ntaokerel, and mullet. 
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Ma!ta/copUrygii (Oroek moMcoit idft, «sid pterygion, m 
t(r fiflliM. BsBttiplM t kerzingi mIx&osi oaxp, 

trout. 


fin). 

ana 


Fish oosstltutea nu impcatent tcrtLole of oonmieroo, fumiahlng 
us with immense quwcittSes^ of oil and «ai abundance of food. 
Great Britain poseeasM a ooast-Une of 8,000 miles in extent, 
while that of Ireland is above 1,000 miles, and the greater part 
of the shores of botih islaads abounds in those speoiei of fish 
which exist in the largest numbers and yield ^e most accept- 
able and nutritious food. Hence a hardy and adventurous race 
of fishermen has arisen, well supplied ^th vessels beautifully 
built, and with materials the best description. • We shall 
notice only the fisheries oommercially most valuable. 

Serring (Olvpea harengua). — ^This fish appears in vast shoals 
upon our coasts from July to November, when it forsakes the 
deeper portions of the sea where it habitually dwells, and comes 
into the shaBow shore water for the purpose of spawning. 
Those idioels, animated by a common impulse, are so enormous 
that the sea for miles round shines wi*^ a silvery lustre from 
their glittering scales. It is oertainly*a wise and beneficent law 
which thus impels certain fish to approach the shore to. deposit 
their ova ; for whilst the best means are being taken for the 
oontinnanoe of the species, there is brought wi^in the reach of 
man an abundant supply of nutritious food, whioh would other- 
wise be lost in the depths of the ocean. 

The British and Irish herring fisheries are principally carried 
on off Galway, Mayo, in the estuary of the Shannon, and 
Watorfor^, in Inland ; at Cardigan Bay and Swansea, in Wales ; 
at Yarmouth, Lowestoft, Hastmgs, and Folkestone, in England ; 
and on the coasts of Caithness, Sutherland, Boss, Abwdeen, 
Banff, Moray, and Berwickshire in Scotland. Some idea of the 
extent of this fishery may be inferred from the figures giren by 
the Duke of Edinburgh at the Fisheries Exhibition (1883) : The 
quantity of herrings taken in a year by British fishing vessels 
probably approaches some 800,000 tons, at an average of 5,500 
to a ton weight ; this represents in round numbers 1,650,000,000 
fish/* In Norway about 600,000 tons of tbeae fish are annually 
taken and salted. Sweden, Denmark, Holland, and France are 
also largely engaged in this business. 

The Pilchard {Clupea pilchardua) closely resembles the her- 
ring. This fish is very abundant on the coasts of Cornwall 
during the spawning season in July. Like the herring, it is 
taken with the net at night. The average annual produce of 
the Cornish pilohard fisheries is estimated at 21,000 hogsheads, 
each annually containing 2,500 fish, thus making the total 
number captured 52,500,000. About 10,000 persons, young 
and old, are employed, and the capital invested in boats, nets, 
and oellars for curing, is estimated at ^441,215. 

The Bprai {Clupea aprattua)^ although so^er than the her- 
ring, is also very abundant, and furnishes an acceptable supply 
of cheap and agreeable food. It is caught during the winter 
months on the coasts of Kent, Essex, and St^olk, and in such 
vast quantities as to give rise to the Stow Boat fisheries round 
the Thames estuary, where they are taken for mwuro, many 
thousand tons being sold to the farmers at from 6<1. to 8d. per 
bushel for this purpose. Forty bushels of sprats serve for an 
acre of land. 

lYhiteba^ [Olvpea May , — ^Eveiy cme has doubtless heard 
of the whitemfit di n n e r^— or fish dinner, at whioh whitebait is 
tBe chief dish-^for so many years held at Greenwich by the. 
members of the British Cabinet, and the Xiord Mayor and alder* 
men of London. This little ^h, so much priMd for its deli- 
cious flavour, was formerly regarded as the fry of the shad, 
while other naturalists maintidn that it is quite a distinct 
BpeoioB. ^ Gunther, an authority of high repute, has pronounced 
that whitebait is the fry of the sprat. It has never been found 
with matured ova, and therefore does not ascend rivers for the 
purpoee of spawning. 

Sardine {Chtpea sordma) and Anchovy (EnyrauUa eneraai- 
colua), both closely allied to the herring, replace that fish in the 
Mediterranean. The former is taken in great abuxidaiioe off the 
ehores of Sa r di nia and Brittany, and padmd in sniiJl metelUo 
boxes, end is much esteemed at a breiJifast rdiih. The latter, 
a small sfilvety fish four or five Indiet in length, is fomid on the 
coasts cl JteaceandPortagaL The head and Mtttaile having 
been zeBBOved, it is.salted and packed la hexnels, and loraui the 
wen-known cbnjfiment, anchovy sanee. '^Mbre iduoi 4,000 
boats and a pc^^iilKtion of nearly 25,000 fishermen find emi^* 


meat in these fisheries dnring the seara^* (^Fisheriee of the 
Worl4'" by F. Whymper). 

Madceral (SeoMar soe«i^at).^This v^-known and beatitifai 
fish, BO valuable as an article of food, is found in abundance 
on the south and south-east shores of England. Out of the 
water it soon diet, and bebomet quiok^ tainted. Thoeo 
oi^ht in 4he months of May and June are piefemed. They 
wiU bite at almost any bait, and quantities are taken by book 
and line. A strip of red leather, a piece of scarlet cloth, or a 
slice of mflbokerel Is a successful lore. ** Canada is beginning 
to realise the value of this fishery, for over 74,900 barrels of 
pickled mackerel and 394,489 cons of the same fish were ex- 
ported by her in lB82/*« 

Salmon {Bahno aalar). — This is a soft-finned fish, the body 
being adorned with spots, and brilliantly coloured, and covered 
with cycloid scales. The species pass by alm^ insensible 
gfradations into the olupeoid or herring family. XiOce the hi- 
ring they inhabit the sea, and not only approach the land, but 
ascend the rivers nearly to their sources in i^er to deposit 
spawn. For this object the salmon reaches the small streams 
near tlio sources of rivers, displaying an amount of perseverance 
and aotiyity in getting there which is astonishing. Ck.taraote 
and weirs ton and twelve feet in height are cleared at a single 
leap, and should the fish be foiled the first time, it Mes again 
until successful. 

After spawning salmon are totally unfit for food. They 
descend tiie rivers to the sea with the floods, with which, 
winter usually closes, where they soon recover their condition, 
and return ample in size and rich in human nourishment, 
exposing themselves in narrow streams as if Nature intended 
them as a special boon to man. Such salmon as are taken in 
estuaries or rivers are, of course, tbo property of those to whom, 
the estuaries and rivers belong ; but latterly considerable quan- 
tities have been caught in bays and in the open sea, where the 
fishing is free. The London markets are principally supplied 
with salmon sent up from the Tweed, Tay, Don, and Dee, and 
from Norway, preserved fresh by being packed in ice. The fish- 
ing is usually oarried on in summer, and when the take is greater 
than can be conveniently sent off fresb, the residue are salted, 
pickled, or dried for winter consumption at home, or for foreign 
markets. Of late years there has been a decrease of salmon in 
the English and Scotch rivers, the result of poaching and over- 
fishing. Legislation has done something to remedy the evil. 
Peouttiary penalties are inflicted on poaohers and trespasserB ; 
and in Scotland the rivers are shut up, on the Tweed from 
September 14th to February 15th, and north of the Tweed fronL 
September 14th to February Ist. 

Cod {Morrhua vnlgaria), — This valuable fish is spread 
throughout the seas of Europe, from Iceland to Gibraltar, and 
abounds on the eastern coast of North .^erioa from 40*^ to 60^ 
N. lat., partico^ly around Neurfonudland. It spawns in Bririah 
waters about February, and is in the best condition as food 
from the end of October to Christmas. It is amazingly prolific, 
9,384,000 ova or eggs having been counted by Leuwenboeok in 
the roe of one female. As the ood frequents deep water, it can 
only be taken by long deep sea lineB, hooks be^g fastraed at 
regular distances along their entire length. It is usual to fish 
for ood in water from twenty-five to forty fathoms in depth, 
with a hook and line Ood is voradous, and easily taken with 
a variety of baits. 

The British cod fishery is carried on m a number of placee 
ooutigaons to the shores of our islands. The most productive 
home fisheries are those off the coasts of Norfolk, Suffolk, Essex, 
Linoolndiire, and the Qrkn^, Shetland, and othw islands. JIhe 
London market is supplied chiefly &om the Norfolk and lin- 
oolnshire fisheries. F^h cod are usually kept alive in welled 
smacks, and are in this manner brought in, go^ oondition from 
the most distant pdnts of our coasts. The well is capable of 
holding about flf^ score, and reoeiTes its water direct from 
the sea^ through perforations in the bottom of the vessel. 
These vessels are either anchored in a tide-way, or one of tha 
sails is k^ set, so as to pcodnoe a oomdant heaving motion, 
and, in oonsequenoo, a perpetual change in the wateri of tha 
well. The smacks never go farther up the Thames than 
Gravesend, as the fresh water intenuinglst wHh the aM 
above that point, and proves destructive to the fish. 

« See *^Fiiberies of the World (CaaseU A Oc., zamitikt). 
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*WEAPOErS OF WAR— V. 

»T XV OWWlon 07 TKX B0TAX« ABTlZiLSBT. 

3B»a0O8<LOja>XKa SVALL xxm {eontintt^ 

Wl liim alMidj tiM^kea At some leogi^ of the introdn^im of 
the Siuder-Siifhdd tifle $ it ie neoeeBArji hoereveri to eay loiiie* 
thiBg'BtOre .OB tlw enbjeotof the eavttid^ for thU arm, beoaiuie 
it ie BOW reoognieed that the oartpidge really oonetitates the 
Bool of any oyotem of hreeoh-loadiiig email arms. The cartri^ 
has.beeit oomimrtd to the hinge npmi which the system turns ; 
once select a good oartndge» and t^ difficult of finding a good 
rifle is more hhlf solTsd The foundation of a good system 
is laid, at any rate; and it becomes very much a matter of 
in^Tidual preference whether the cartridge shall be used with 
this or that breech-action. At this moment there are eo many 
good rifles before the public that the difficuliy consists rather 
in deciding which is the best than in deciding whe^er any one 
<d them wUl do. 

All these systems haTe a point of contact in the cartridge. 
They do not all fire identically the same cartridge, although they 
could, of course, be made to do so ; but they all fire a metallic 
cartridge — a cartridge which forms a ga8»oheok at the breech, 
and which has to be withdrawn after firing, and either thrown 
away or re-filled. There are two great dasses of cartridges — 
those which belong to the class above described, carUyuches 
ohtwratriceat as the French call them, for the reason that they 
** obturate,’’ or seal the breech at the moment of explosion; 
secondly, cartridgee which are intended to be consumed by the 
explosion, the arm itself or some portion of the breech mecha- 
nism fun^hing the gas-check, English Boxer” service 
cartridge, the solid metal oartridge, the stout pasteboard sport- 
ing cariaiidges, are all types of the first class ; the Chasaepot 
and needle-gun cartridges are typos of the second class. Ibe 
objections to the second olaas of cartridges are not inconside- 
rable. In the first place, the gas escape being taken by the 
breecib of the gun, continued firing tends to make that check 
less effeotual. In the needle-gun, for example, whore there is 
only a mechanical fit of one metal upon another, the ^^spitting” 
of fire at the breech is inconveniently great. The same thing 
occurred in our own cavalry “ Sharp ” breech-loaders. In the 
Chassepot the spitting is prevented by an india-rubber ring or 
washer, which, however, is liable to become injured by use, or 
hard with frost, or rotten with heat, and which then, course, 
fails to fnlfil its object. Indeed, we have been informed on 
credible authority that this defect exhibited itself to a very 
considerable and inconvenient extent during the Franoo-Qerman 
war (1870-1). Again, although cartridges of this class are sup- 
posed to be consumed by the discharge, it is a fact that they 
frequently are not altogether consumed — debris collects and 
fouls the chamber of the gun, and loading, after a time, becomes 
diffionlt. Again, if made very thin, these cartridges are liable 
to be exploded enmaase by the accidental ignition of one or two 
cartridges in their midst. 

The Bat of objections could be largely extended; but the three 
which we have named will suffice to show that the English mili- 
tary authorities are not without reason in having set their faces 
against the ** consuming” cartridges, and in having adopted the 
cartouche ohiwratrioe for use with our military rifles. For with 
an obturating oartridge you renew your gas-oheok each time of 
; yon ^ve a oariridge whioh cannot be exploded by the 
adjacent explosion of another oartridge ; you have a cartridge 
far more capable, because stronger, of resisting rough usage, 
transport, and damp ; you have a cartridge which, if a miss-ffie 
occurs, can be withdrawn without the use of the ramrod, by 
simply applying .the ordinary extractor ; you have a oartri^, 
also, whidi is less Hable to miss fire, for the reason that its 
position in the chamber is always determined accurately by 
means of the projecting metslHo base; while with the paper 
osriridge the position in the dmmber varies according the 
exact Bisecl the cartridge andof ^tbe ohaofber, the former Being, 
^ coarse, variabU, acoctfding as the cartridges become deformed 
in handling and trimsport. 

these advasitsfes belong to the elass of cartridges of 
yich the %glish mvice cartridge-^e < intention of Qenetal 

^ A.^-^leamis one of the best Itnoim end most suooaiiM 
In thb tlm Aisglmum of stvengtii is bbtsined with the 
m into mm of metsl. A peeteboard oertridgC is inadmlirible Ibt 
«™t«a7 7iupOM,beeaiiM sWril wfth damp, end 


is more or less snsoeptible to injury in other We ere, 

therefQre----havingnarrcwed our selection dotre to&aobtiiniting 
non-consuming cIabs of cartridges, and having Irom 

this class the psetebosrd cartage — ^left to choose b etwee n a 
Cartridge on the Boxer or coil system, and one on the solid 
metal system. The latter is mnoh mote costly the teiW, 
more metal being used in it, and the loss in manufacture being 
greater. But it is urged that, as the cartridge-case ia eapeStia 
^ being fired many times, it is, in the end, cheaper a onoe- 
fired Boxer oartridge. To this tiieto are 'two answers — ^first, 
that the operation of coUeoting and re-filling empty cartridges 
is not one which can be carried out by soldiers ou services 
secondly, that the Boxmr oonstmotion of cartridge is just as 
suitable for re-filling as — ^if not more so than — the solid-metal, 
cartridge. We have ourselves seen these cartridgee re-fiUed 
and fir^ as many as thirty-two times. T}ie best au'^oritles are, 
however, now gmerally agreed that the operatiop of re-filling 
oartridge-oaacs la not one to be entertained for military purposes, 
however praotioable for sportsmen. 

Before proceeding to describe the Boxer, or service oartridge, 
it may be well to observe in passing that the self-oonsuming 
oartridge is not, as is frequently supposed, necessarily cheaper 
than the metallic oartridge ; on the contra^, the Chassepot is 
a very expensive oartridge, as it is all made by hand. Again, 
it is generally assumed ^t loss of time takes place in extract- 
ing the empty case of the non-consuming oartridge alter firing. 
T]^ is an error. Even in the Snider the loss of time is in- 
appreciable, and in the improved types of breech-loaders, such 
as the Martini-Henry, the operation of extracting is combined 
with that of opening tho breech and cooking the arm ; there 
is, therefore, absolutely no loss of time whatever caused by 
extraction. 

The Boxer service oartridge for. the Snider rifle (Fig. 3) oonsiets 
of a case of thin brass, '005 inch thick, rolled into a oylindOT, and 
covered with paper, by which the coil is cemented together. 
The coiled case is fitted into a double base-cup of brass, with 
an iron diso forming the end of the oartridge which abuts against 
tho breeoh-hlook of the rifle. The case is secured in its position 
by means of a rolled paper wad inside, which is squeezed out 
with great force against the sides of the case. The iron oase 
is attached to the oartridge by means of the copper **oap- 
chamber,” which contains the detonating arrangement; tho 
cap-chamber, being rivetod over at each end, holds the base 
tightly to the cartridge. Tho ignition is effected by means of 
a perouBslon-cap, resting on a small shouldered brass anvil. 
To explode the cap, it is necessary that the crown of the 
should be indented (by the striker of the rifle, for example), 
when the detonating composition is brought into contact wi^ 
the anvil, and the flash passes through the fire-hole at tho 
bottom of the oap-ohamber to the powder in the case. The top 
of tho cartridge is closed by means of a small quantity of wool, 
over which is fitted the b^et. This bullet has four grooves 
or cannelures round it, which serve to carry the wax lubrication, 
which in this ammunition is distributed in a thin film around 
the bullet. The oonstmotion of the bullet is peculiar, the head 
as well as the base being hollowed out. The base is hollowed 
Out for the same reasoi^ as in the bullet' for the muzele-loading 
Enfield — viz., for the insertion of a olay plug, by ^hioh the 
bullet will bs expanded iuto the grooves of the rlflifig. The 
head of the bplliet is made hollow, in order to give the ntosssary 
length to the buBet >rithori increasing tho wei^t. llmicBbwing 
are the details Longtii of buUet, 1*065" ; diluneter (without 
lubrication), *573" ; weight, 480 grains. Length of cartridge, 
2*445" ; weight, 1 oz. 10 drs. 20 grs. ; charge, 70 grains, This 
bullet, althoufid^ an ingenious contrivance for overooming the 
diffio^es inherent in a large bore slow-twist rifle, is the least 
aatisfactory part of this ammidtion; and repeated changes have 
bemi made, and innumerable itith a view to thr 

adc^ldionof another bullet let ami. J^tinerto the resulta 
hate been attended withlljW^ marked amii/mi, asid all that can 
be said is that the present bmlet ^vee aji aoouracy and general 
shooting power about equal ib mat of the old Enfield, and 
superior to it in one respect — ^vis., that the wounds infilled 
by the hollow-headed builtt are much more severe than tlosa 
^fliotod by the soUd^headed bullet. 

^e conversion of ^ mttxilSNloadinf arms may therefore be 
, said to have fuBy answered Its purpose. liet no one depfte<nato 
^ SUider rifle. It is an adudrable weapon, and, iakm all 
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romidf Bnperior to moat of the breeoh4oading rifles in the 
hinds of other military powers. It ie simple, durable, eco- 
nomical, capable of a rapi^ty of fire of from twelve to eighteen 
sh<^ per minute, according to the skill of the firer; the ex- 
traction of the empty ob«o is effected with ease and rapidity ; 
the ammunition is exceedingly durable, strong, little susceptible 
to iiyuTy by damp, and as cheap, probably, as any equaBy ser- 
viceable ammuxirion can be made. It is important to notice that 
one oharaoteristio feature of groat excellence in this cartridge is 
the coiled case. The action of firing causes the case to expand 
immediately against the sides of the ohamber; and this ex- 
pansion is followed by on instantaneous contraction, by means 
of which the withdrawal of the empty ahoU is greatly facilitated. 
Also, the arrangement of base is especially noteworthy — ^the 
solid end, which gives great stability to a part of the cartridge 
where strength and resistance are required, and which likewise 
serves for the claw of the extractor to take hold of. The double 
cup affords the neoessaiT’ strength round the back end of the 
oartridgo, the part upon which the greatest strain comas, espe- 
cially if the block of the rifle should happen not to fit 


and the accuracy of the weapon leaves much to bs desired — so 
much, indeed, tba(t we find the Germans took advantage of the 
large number of Chassepots which fell into their hands to arm 
some of their troops with them. But the Ohassepot-^as com- 
pared, for the sake of example, with the Martini-Henry— is 
itself also far from a satisfactory arm. The ignition of the 
needle-gnn oartridgo is effected by means of a small patch of 
detonating composition placed at the back of the sabot, into 
which the needle penetrates when the arm is fired. 

The Chassepot cartridge is made of thin paper, covered with 
thin silk, the latter being intended to secure the blowing out 
I of the whole of the debris of the consumed oartridgo when 
I the arm is discharged. The ignition is effected by means 
of a peronsrion-cap, into which ^e needle strikes, disturbing 
the detonating composition, the flash passing through holes in 
the crown of the cap. The oap, it will be observed, is presented 
to the striker in the opposite direction to the oap in Boxer 
oartridgo, and the ignition is effected by means of a needle, 
instead of with a blhnt piston. To prevent the gas from the ex- 
ploded cap escaping backwards, the mouth of the oap is covered 
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Fig. 3. — BOXBU CABTEIDGE FOR BNIBSR RIFLE. Fig. 4. — ^AMMUNITION FOB GERMAN NEEDLE GUN. Fig. 3. — AMMUNITIOH 
FOR FRENCH CHASSEPOT. Fig< 6 . — ^BOXER CHARGE FOB BREECH-LOADING REVOLVER. 


aoourately, or if, from any other cause, the cartridge should be 
subjected to undue strain round tlie rim. 

Having given a drawing of our own servioe cartridge, we 
think that the accompanying drawing of the cartridges for the 
German needle-gun (IHg. 4) and the French Chassepot (Fig. 5), 
with the following details as to dimensions, weight, etc., may 
be of interest for comparison. These are, for German needlo- 
gun I — ^Length of bullet, 1*08"; diameter, ’533"; weight, 480 grs. 
Ijength of cartridge, 2*44''; weight, 1 oz. 6 dra. 20 grs.; weight 
of charge, 66 grs. For French chassepot : — Length of bullet, 1 
diameter, *463"; weight, 380 grs. Length of oartridgo, 2*64"; 
weight, 1 oz. 2 drs. 2 grs. ; weight of charge, 85 

'nie needle-gun cartridge is made of paper. I^tation is given 
to the bullet by means of a paper sal^t, which, being slightly 
larger than the bore, is forced into the rifling. The bullet thus 
does not touch the boro at all, but is spun by means of the 
sabot. This method is a clover plan for obtaining the ad- 
vantages of a large bore, in respect of shortness of cartridge, 
prompt ignition of the charge, etc., while preserving the 
advantages of a small bore as fsr as the bullet is oonoemed. 
But the needle-gun is not at all a satisfactory arm, oonsidered 
as an am of precision or as a breech-loader, l^e liability, 
under the latter head, to escape of gas at the breech, has been 
before remarked upon ; in addition, the mechanism is defective 
in soma important particulars. As an arm of precision, the 
weapon is feeble. The velocity imparted to the bullet is small 
about 1,000 feet per second, as against 1,390 for the 
OhasMpot, 1,260 for the Snider, and 1,835 for the Harthri- 
Hanxy; the tisjeotoiy is oonsaquant^ high, the range is exusll, 


with a thin disc of india-rubber, through which the needle passes. 
Sometimes this india-rubber comes book with the needle, inter- 
fering with its ^tion. This is one of the minor defects of the 
system. There are several other defects too numerous to be here 
enumerated, but to which the French have become fully alive. 

Other means of igniting breeoh-loading cartridges have been 
designed. There is the well-known pin-fire,*’ in which a blunt 
pin which projects from the cartridge, and one end of which 
rests in a percussion- cap inside the cartridge, is driven down 
into the oap composition by the hammer of the gun. There 
is also the rim-firo ” cartridge, a common American form, in 
which the fulminate is enclos^ in the rim of the base of the 
cartridge. This method is objectionable on many aooounts. 
Then, of “ oentral-fire ” cartridges, of which the Boxer is an 
example, there are infinite varieties ; but the system of oap and 
anvil is the one most generally in vo^p. It is hardly possible 
to doubt, however, that this detail will in time be considerably 
simplified and improved upon. 

We will meurion in this paper one other description of 
breeoh-loading cartridge, and one only — namely, tide servioe 
cartridge for the breeoh-loading revolver. The construction of 
this cartridge is sufficiently exhibited in Fig. 6. This ammu- 
nition has now entirely superseded the old skin or paper 
revolver oartridge, which was in vogue until a few years ago. 
The pistol with which it is used in Her Majesty’s servioe is an 
Adams revolver— a spnple, strong, quick, serviceable weapon. 
In our next paper we propose to of the Martini-Henry 
breech-loader and its ammunition, and to bring the subject eff 
Small Alrms to a conclusion* 
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VEGETABLE COMMERCIAL PRODTJCTa— IX. 

KUTS {cfmtimed), 

WJkLinrr (JupZont T€gia, L. ; natoral order, Jt^landacea ). — 
Thu'fine tree ia too well known to need deaoription. It grows 
not^only'in England, but oyer the whole of Europe, and in Aaia. 
It ia eapeoioUy abundant in Ciroaaaia, where it ia extenaiyelj 
oultiyated. There ia a oonaiderable number of Engliah walnut 
in the market, aa the fruit ripena well in the aouthem parts of 
this country. We reoeiYe about 30,000 bushels of foreign 
walnuts I annually, 
chiefly from Got- 
many, France, and. 

Italy, Walnuts will 
not bear a long 


transferred to boats, and thcoioe to yeaaels. We reoeiye from 
the Brazils annually not less than 50,000 bnah^ of nuta. 

Chbbtnut (Castan^a vcsca, L. ; natural order, Oupv^ferca),--^ 
The ohe8tnnt>tree is a native of Great Britain and the temperate 
parts of Europe, but the nuts not coming to perfection in 
country, we import nearly all that we use from Spain, whence 
^ey ere usually called Spaniah chestnuts. Many thousands of 
bushels are annually imported. Although not very nutritioua, 
chestnuts are much more easy of digestion when roasted. The 
. larger and better sort called Marones are the produce of Italy, 

France, Switzerland, 
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Kiin-anea, a process 
which certainly 
apoiia them. 

Hicko,bt and 
Pbcan Nuts. — ^W e 
receive from the 
United States, in 
small quantities, the 
hickory nut {Cary a 
albOi Nutt.), and the 
pecan nut (Carya 
olivmformis, Nutt.), 
both of which belong 
to the same natural 
order, Juglandacece. 

These nuts have 
kernels very similar 
to those of the wal- 
nut, but their shells 
are very different. 

The hickory nut is 
smooth, whitish, 
marked on its ex- 
terior with throe or 
four elevated ridges, 
extremely hard, and 
smaller than the wal- 
nut. The pecan nut 
is about the size of 
an olive, which it re- 
sembles in shape, as 
implied by its specific 
name ; its colour is a 
light reddish-brown. 

Bbazil Nut 
(Bertholetia excelsa, 

Humboldt ; natural 
order, Lecyihidacecel ) , 

— Iiarge fine trees, 
often 120 feet in 
height, and growing 
abnndjuitly in the 
Brazilian forests. 

*rhe nuts are closely 
packed in a hard 
woody capsule, to the 
number of twelve or walnut-tbes 

twenty. This cap- 

pea*-Bhaped. and « so 
the ^ when npe it is dangerous to pass under 

fZwIi ffl"’ ^ enongh to 

been ** lid, whence they have 

anm^iy aotamb amongfst the monkeys, who, 

■ . instantly swing thsml 

theVl^^iJf proheniue tales, TmtU 

nuts The IndUn fnrionsly for the ooToted 

wiftet^ *“ to ol tain the nuts, pelt the monkeys 

SpiilSr* ^ «f ®' «P«d.. to hurl at th^ 

oppowmto. In iUs tuaau lasge we ooUeoted and 
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and of some parts of 
Germany. 

Sweet 

(Amygdalua com 
muniSf L.; variety, 
dulcia ; natural order, 
Mosacew ). — The al- 
mond-tree, a native 
of the warm parts of 
Asia, and of the 
coasts of Barbary, 
is now cultivated to 
some considerable 
extent in Southern 
Europe, especially in 
Italy and Spain. It 
grows to about tho 
size of a common 
plum-tree. The 
cortex or outer en- 
velope of the fruit is 
not succulent like the 
peach (Amygdalus 
persica, L.), to which 
tho almond is allied, 
but hard, green, and 
juicelesB, bo that 
when growing it 
looks not unlike an 
unripe apricot j when 
fully ripe this greeis 
covering splits, and 
the almond in its 
rough slioll drops 
out. There are two 
well-marked varieties 
of the sweet almond. 
(1.) The Jordan al- 
monds, tho finest and 
best of tho sweetest 
variety; these, not- 
withstanding their 
Oriental name, we 
receive from Malaga, 
imported without 
their shells. (2.) The 
Yalentia almonds, 
which are broader 
and shorter than ihs 
Jordan variety, and 
(JUGLANS BEGIA). usufllly imported in 

the shell. England 
receives yearly k — 

quantities of this fruit, which is usually eaten with raisinB. 

Bitter Alhond (Am/ygdalus commumia, L. ; variety, a/mara), 
— ^This variety comes to us from Barbary, in Northern Africa, 
where it forms a staple article of trade. It is principally used 
for its oil, which imparts a pleasant flavour to confectionery. 
This almond is smaller and much rounder than the two preceding 
varieties of sweet almond, and very bitter to the taste. The 
annual imports are very considerablo. 

THE PALM FAMILY (NATUBAL OBDSB PALMAOEJfi). 

The palms, next to the cereal grasses and sagar-cane, are the 
most v^uable order of food-plants. They are, however, of far 
greater importance in the ooimtries where they are produced 
than in our own, fomiehing as they do to the inhabitants of 
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atom ooimtrioB food, shelter, and oloihing. The meet ueefol 
plant of this order ie 

Thb Coooa-nut PjLLK (Cocoi nueiferat L.). — This paJm 
tmpplies the natives of the oonntries in which it grows with 
elol^g, food, medicine, honsee, and every description of do- 
mestic utensil. The aspect of the tree is veiy imposing. Its 
stem is tall and slender, without a branch, and at the top are 
eeen from ten to two hundred coooa-nuts, each as large as a 
msn*B head ; over these are the gracefully draping, green, glossy, 
and beautiful fronds. ** The blessings it confers are incalculable. 
Year after year the islander reposes beneath its shade, both 
eating and drinking of its fruit ; he thatches his hut with its 
boughs, and weaves them into baskets to carry his food ; he 
cools himself with a fan plaited from the young leaflets, and 
shields his head from the sun by a bonnet of its leaves ; some- 
times he clothes himself with the cloth-like substance which wraps 
round the base of the stalks, whose elastic rods, strung with 
Alberts, are used as a taper. The larger nuts, thinned and 
polished, famish him with a beautiful goblet, the smaller ones 
with bowls for pipes ; the dry husks kindle his fires, their fibres 
are twisted into fishing-lines and cords for his canoes. He heals 
his wounds with a balsam compounded from the juice of the nut, 
and with the oil extracted from it embalms the bodies of the 
dead. The noble trunk itself is far from being valueless. Sawn 
into posts, it upholds the islander’s dwelling; converted into 
charcoal, it cooks his food ; and supported on blocks of stone, 
rails in his lands. He impels his canoe through the water with 
a paddle of the wood, and goes to battle with clubs and spears 
of the same hard material.*’* 

The cocoa-nut palm grows by the sea-side in most tropical 
countries, and is usually tlio first plant to establish itself on the 
newly-formed coral reefs in the Pacific and Indian Oceans. It is 
abundant throughout the South Sea Islands. The fibrous outer 
covering of the nut, when macerated and prepared, is termed 
coir, a substance extensively employed for making ropes, 
mats, and stuffing for cushions. Large quantities of oil are 
obtained from the nut, after it has been ground into a rough 
meal, called in Oeylon coperah. This oil lias of late years been 
in great demand in England for the manufacture of composite 
candles and soap. Marine soap, so called because it washes 
linen with sea-water, is made from cocoa-nut oil. This nut is 
used largely in oonfootionery. The cocoa-nut forms a con- 
siderable article of export from many of the British colonies, 
several millions being imported into the United Kingdom every 
year. 

VII. MISCELLANBOUS POOD PLANTS. 

Onion {Allium cepa, L. ; natural order, Liliacem ). — The 
onions of Spain and Portugal and the south of France are superior 
to our common garden onion, larger, and more succulent ; we 
therefore import them from those countries in chests and boxes 
to the amount of about 700 or 800 tons. 

Soybean (Soja hUjyida ; natural order, Leguminosce ). — 
«iUoe or catsup, as thick as treacle and of a clear black colour, 
called soy, which is much esteemed, is made from the beans of 
this plant by the Chinese, and sent to us from India in con- 
siderable quantities. From 500 to 600 gallons are annually 
imported. 

Tbufflbs {Tuher dbarium ; natural order, Fungi ), — Those 
(remarkable fungi grow beneath the soil, generally in beech woods, 
in this country somewhat sparingly, but more plentifully in 
France and Italy. The truffles of commerce, besides the above 
epooios, include several others, all of which are edible, and highly 
prized for their delicate flavour. In form the truffle is round, 
its surface in some species smooth, in others worted and tuber- 
culous; the colour, dark-brown outside, and brown, grroy, or 
white within. They generally grow at the depth of five or six 
inches. Bogs ore trained to scent them out, and sows are also 
employed for the same purpose. Wo receive them from France 
and Italy preserved in oil. They are used generally in sauces 
and soups, and as stuffing for jmultry. 

MoRXL {Morchella esculenta, Bill.). — This is one of the few 
fungi found in this country which may be eaten with safety. 
The stipes or stalk is hollow, from two to three inches high ; the 
pilous or cap is spheroidid, hollow within, and marked on the 


* Xelville’s ** Adrenturas in the South Seas,** 


surface with numerous oreolie resembles a honeyooiub In stmo^ 
ture ; the colour whitish. 

The morel is usually found abundantly where trees have been 
burnt, a fact which led in Qermany to the praotloe of firing the 
forests for the sake of the morels, a praotioe so injurious that it 
became neoessary to suppress it by law. This fungus oooa- 
sionally occurs in woods and oreha^ in England, whence it 
finds its way to our markets ; it is found to be very valuable 
for cookery purposes, but is more frequently used in a dry state 
for sauce than when fresh. We import the greater proportion 
of the morels used in England from Italy. 

Cabbaoben OB Ibibh Moss {Ohondras erispus ; natural order, 
Algoe ). — This is a very common plant on the rooky coasts of 
Ireland and Ghreat Britain. The frond is tufted, fixed to the 
rook by a hard scutate base, dichotomous, the segments linear, 
wedge-shaped, frequently crisped and curled at the edges. The 
whole plant looks like yellow parchment. 

Carrageen or Irish moss is sold by all druggists and herbalists 
in the United Kingdom. It contains an abundance of gelatine, 
and is extensively used for feeding cattle, and for forming a 
light nutritive jelly for invalids, nearly the whole weight of the 
plant being convertible by boiling into the required substanoe. 
Carrageen moss is sometimes used in manufactories for dressing 
silks. Immense quantities of it are annually brought to England 
from the Irish coast, and from Northern Europe. A preparation 
of this moss is now sold under the name of Sea-Moss Farino, 
which is coming into very general use. The moss is apparently 
dried, and then ground or crushed into a kind of meal, re* 
sembiing fine sand. The jelly obtained from this plant is made 
far more quickly from the meal than it is by boiling the moss 
in an entire state. 

We have now considered the principal, if not all, of the 
plants used for food, and some other purposes in commerce, in 
the lessons that have been brought under the notice of the 
reader. In our next lesson on this subject we shall commence 
a review of plants that are of importance in medicine and many 
of the industries of the United Kingdom, commencing with 
textile plants, or those from which we derive materials for 
clothing and cordage. 


APPLIED MECHANICS.— VI 

BY BIB BOBEBT BTAWELL BALL, H.A., LL.D., 
Astronomer- Boy al for Ireland. 

COMMON TOOLS: THE HAMMBB, SAW, FILE, AND CHISEL. 

THB HAMMBB. 

This very well-known tool is a remarkable mechanical power* 
The study of its action is important, as it depends on some 
principles of the greatest oonsequenoe. We shall commence by 
an explanation of these principles, and we shall then apply 
them to oertain different forms of hammer, reserving, however, 
the important subject of the steam-hammer for a separata 
lesson. 

We shall suppose that a hammer is employed for driving 
a nail into wood, and let us examine what is the resistanoe to 
be overcome by the nail, and compare it with the power which 
is applied to the hammer. 

In oonsidering this subject, it is necessary to understand the 
structure of wood. Wood is composed of multitudes of fibres 
placed side by side. In this it differs from stone, which is a 
multitude of particles merely attached together. This oonstitu* 
tion of wood is the cause of many of its peculiar properties. 
The fibres are extremely tenacious in themselves, but they 
adhere together with comparatively weak force. This produces 
what is called the grain in wood. If I take a piece of pine one 
foot long and one inch square, I should find it impossible to 
break it when the fibres — ^that is, the grain — ^run along the length 
of the wood ; the reason of this is, that to break the piece the 
fibres would have to be tom across, and enormous force would 
be required. But if I take a piece of pine of the same dimensions, 
in which the fir^un runs across the wood, I find that it is broken 
with oomparative ease. The reason is that in this case the 
fibres have not to be tom asunder, but only separated, and the 
I force of adhesion is not great. In different woods, the (rain 
I varies, the fibres being much m<»e oompaot in some oases ttuA 
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in otherf . Spli^ng wood ii jiift the aeparatingr of oontignons 
fibres. In faot, m piece of Wood is to some extent analogouB to 
a rope» the fibres bi each being placed side by side ; the diffe- 
rence lies in this, that in the first place the fibres of wood are 
not twisted like those of the rope, and in the second place that 
the fibres of the wood adhere together, while those of the rope 
do not. The fibres of wood are also short. Wronght-iron, when 
rolled into bars, presents somewhat of a fibrous structure in the 
direction of its length ; this is seen when one of these bars is 
tom asunder. 

The has two completely differmit resistances to overcome. 
It has, in the first place, to compress the fibres of the wood, so 
as to make a hole for its entry. After it has entered, as it is 
somewhat of a taper form, w^e the point is dividing the fibres 
and compressing them on each side, the sides of the nail must 
still be compressing the fibres, as the hole has to be made larger 
and larger, to admit the tapering nail. One part, then, of the 
force of the hammer is expended upon compression of the 
fibres ; but there is another force to be overcome by the nail, 
and that is the friction against the sides of the hole — the nail is 
pressed with great force against the wood, and there is, there- 
fore, a great deal of friction produced. The relative amounts of 
these forces it is not easy to determine ; it is probable that in 
hard woods the first is the most important, while in very soft 
woods the proportion which the latter bears to the former is 
doubtless greater, but both added together produce a very 
largo amount of foreo, which has to bo overcome by the blows 
of the hammer. 

Before driving a nail into wood it is often usual to bore a 
bole for it with a bradawl, and the exertion of making a hole is 
a measure of the resistance produced by compression of 
Hill the fibres. The extremity of the bradawl is bevelled, as 
l|| shown in Fig. 1. This bevelled edge must, as every one 

II I knows, be placed at right angles to the groin of the wood. 

III When pressed downwards it divides the fibres, and then 
W compresses them in the direction of the length of the 

* fibres. In so doing, there is little tendency to split the 

Fig. 1. wood, for the wedge-shaped extremity is never em- 
ployed in forcing the fibres apart. But if the edge of 
the bradawl be placed parallel to the fibres, then as the wedge 
enters it forces the fibres apart ; and if it be easier to split the 
wood than to compress the fibres together, the former catas- 
trophe happens. The resistance of the wood to splitting is moa- 
cured by the area of the surfaces which would have to be 
separated; hence in the middle of a large piece of timber 
splitting will not occur, however the bradawl be introduced, 
because, though the resistance of the fibres to compression is 
^ill as great as before, yet the resistance to splitting has 
increased and is greater ihan the resistance to compression. 

The hole having been bored for the reception of the nail, the 
amount of work to be done by the hammer is diminished until 
the nail completely fills the hole, and then, of course, the further 
resistance is the same as if no hole had been bored. 

In order to express the amount of force which the hammer 
exerts upon the noil, wo must consider what weight must be 
laid upon the head of the nail in order to force it into the wood. 
This force must evidently be enormous. A nail requires a very 
large force to pull it out, when friction alone is retaining it, and 
to force it in must of course require a very much larger force. 
Wo may, therefore, be assured that a force at all events of some 
hundredweights would have to be laid upon the head of a two- 
inch nail, in order to force it into the wood. It is, of course, 
meant that the pressure of this weight is to bo simply borne by 
the nail : we do not mean that the head is to receive a blow 
with this amount ; it would, of course, not be possible to place 
a heavy load on the head of the noil directly ; wo must produce 
the effect by means of levers, or some similar contrivance. 

Now the head of the hammer must be capable, when it 
delivers a blow upon the head of the noil, of developing a force 
for a short time equal to the continued pressure that would be 
produced by a load of many hundredweights ; hence the hammer 
18 a m^hanical power, for it transforms the power of the hand 
force. What is the cause of this property of 
the hammer P It depends upon a remarkable force called the 
loroe of mertia, and may also be viewed in connection with 
me prin(^lo of work to which we have already so often re- 
i^red. We shall first consider it in the former aspect, and 
«fterwards in the latter. 


To set a body in motion requires the exertion of force. This 
is BO evident, following as it does from the definition of foroe, 
that it is not necessary to dwell upon it. To set the head of 
the hammer in motion the force of the hand is required. But 
when a body has been set in motion, it requires foroe to stop it. 
This is nearly as evident as the former statement. When a 
railway train is in motion, it would require a prodigious foroe to 
stop it. When a stone drops upon the ground, it is stopped by 
the foroe of reaction which the ground exerts upon it. ia. short, 
to change the condition of a body as to arrest a motion requires 
the exertion of force. Now action and reaction are equal and 
opposite; this is a profound law of Nature not always easy 
to comprehend. In the present case it asserts that when any 
foroe acts npon a body to stop it, the body reacts with an equal 
force upon the body which endeavours to stop it. 

Hence, when the head of the hammer comes into contact 
with the nail, the head of the nail acts npon the hammer, and 
the hammer reacts npon the nail. T^s force of reaction 
may bo enormously great. The amount of the foroe depends 
upon the amount of motion which the nail makes. If the nail 
move but a very small way, the force is great ; but if the noil 
yields easily, the force is comparatively small. This will be 
evident from the obvious oiroumstanoo, that a rapidly moving 
body exerts a prodigious force of reaction upon any body which 
endeavours to stop it suddenly, but if the body be stopped 
gradually it exerts a much less force. 

But the action of the hammer may bo viewed in another way, 
which will perhaps make the matter clearer. Work or energy, 
as we have already explained it, may be stored up in a moving 
body. Thus, for example, a cannon-ball when in motion has a 
quantity of energy imparted to it by the explosion of the gun- 
powder ; this energy is stored in it until the cannon-ball meets 
a wall or other obstacle, the energy is then instantly transferred 
to the destruction of what is opposed to it, and the ball, having 
spent its energy, comes to rest. That work is actually in the 
ball may be at once realised, if we remember that a cannon-ball 
might bo shot straight up into the air. Thus, suppose a ball of 
100 lb. weight ascended 1,000 feet, the ball contained sufficient 
energy to accomplish 

100 X 1,000 = 100,000 

foot-pounds of work. Whatever be the moving body, the way 
to estimate the quantity of energy it contains is to see how 
high in the air its velocity would raise it. 

If a body were moving with a certain ^looity, the laws of 
Meohanios tell us that the height to which it would ascend il 
projected vertically upwards with that velocity is 
(velocity)* 

If, therefore, wo multiply this height by the mass of the body, 
wo have as product the number of units of work that the body 
is capable of doing before it comes to rest. 

Let ns apply these oonsiderationB to the case of the hammer. 
We shall suppose a hammer, the head of which weighs 1 
pound. Now the head of the hammer is not merely allowed 
to fall upon the nail, but is impelled downwards upon it by a 
considerable velocity. Wo may suppose, at all events, tj^t 
when the head of the hammer reaches the nail, it is at that 
instant moving with a velocity of 20 feet per second. Now, 
by the rule already given, a body projected vertioally upwards 
with a velocity of 20 feet per second would ascend to a 
i height — 

I (20)8 400 

' 8 * =«**“*• 

I This is certainly within the mark, for it is probable the velocity 
exceeds 20 feet. The quantity of work stored in the hammer 
is, then, sufficient to raise 1 lb, 6*2 feet high, or, in other words, 

I the hammer contains 6*2 units of work. ,U1 this work is ex- 
pended upon .the noil, and let us suppose that the nail is forced 
into the wood one- tenth of an inch by one blow. The nail must 
then react upon a hammer with a sufficient foroe to oonsome 
the entire 6*2 units of work when the hammer moves through 
one- tenth of an inch. 

Let V bo the force with which the hammer and nail react on 
each other, then the number of units of work done in forcing 
I the nail into the wood is 
[ F X 0-r 12i 



276 


THE TEOHNIOAL EDUOATOIL 


but this must bo equal to tbe number of units of work which 
the hammer expends, hence we must have 
r X 0*1" 12 =* 6*2, 

from which we find 

P«744. 

Hence the pressure exerted on the head of the nail is at least 
744 lb. Thitt la a very large force, equal to a third of a ton. 

But supxKMdngf the na il hod only entered 0*05'', we shall easily 
find by the saane process that the pressure exerted is 1,488 lb. 
Hence we see that, according ns the wood is harder — ^that is, 
according as the nail enters less at each Btroke-~the force of tho 
blow becomes greater. Thus tho hammer is a mechanical power 
most admirably adapted for the purposes it fulfils. 

Tho pile*driyer is an example of the hammer which is well 
adapted to illustrate these principles. A pile is a large piece of 
timber, shod at one end with an iron point, and provided with a 
hoop of iron surrounding it at the other end ; the pointed end 
is forced into the ground by moans of heavy blows delivered 
upon the other end.' The mode in which these blows are given 
is extremely simple. A massive iron weight, called a monkey,’* 
slides up and down on a vortical frame, by moans of a lifting 
crab or a steam-engine ; this weight is raised to a considerable 
height, and then lot fall upon the head of the pile ; these blows 
ore repeated until tho pile has been driven so far that the blows 
produce but little effect. Now, if wo suppose that the mass of 
tho monkey in a pile-engine is 500 lb. , and that the monkey is 
raised to a height of 20 feet, and then allowed to fall, tho 
number of units of work that have been stored up in the monkey, 
and which it is therefore capable of exerting, is 

600 X 20 = 10,000. 

Hence 10,000 units of work will be expended upon the pile. 
Now suppoao that tho pile be only driven 1" into tho ground by 
the blow. Let us calculate tho pressure which has been exerted. 
Sinoo 1" is one-twelfth of a foot, wo have for tho force v 
F = 10,000; F =» 120,000. 

Honoo the pile is urged downwards for tho space of 1" by a 
pressure of 120,000 lb., that is, a force of upwards of 50 tons. 

When tho pile has boon driven some distance, it moves loss 
and loss under each blow; consequently, as wo have already 
explained, the magnitude of the force which each blow produces 
is increased. When the pile “ refuses,”,, as it is technically 
termed, wo are then assured that it can withstand a force of 
enormous magnitude, and, therefore, is capable of supporting tho 
buildings or whatever else tho pile may bo intended to sustain. 

THE SAW. 

Tho ancients probably employed tho simple process of 
splitting for tho purpose of dividing timber ; but such a process 
is wast^l, both of material and time. This rude method has 
been replaced by tbe saw, which, in different forms, is doubtless 
tho most important tool used in the working of wood. Wo 
shall afterwards return to the subject of the machinery used in 
saw-mills, and therefore wo sliall not here discuss tho circular saw 
and other special applications of the saw, but shall confine 
oarselyes to a gonered sketch of the process of sawing. 

Wo have already described the structure of wood as con- 
sisting of multitudes of fibres placed side by side. In sawing a 
piece of wood with the grain, the teeth of tho saw tear away 
these fibres without necessarily cutting them across ; in sawing 
against the grain, however, tho fibres have actually to bo 
divided. This is the reason why a saw used for cutting along 
grain, oallod a hand-saw, has larger teeth than a saw which 
is used for cutting against the grain, called a tenon-saw. The 
method of sawing is also applicable to other materials besides 
wood. Marble and other soft stones are frequently cut by saws 
specially adapted for the purpose. In these cases the sawing is 
really accompanied by a grinding process. The particles of 
stood which are removed are comminuted into very small 
particles. 

Some very valuable remarks upon saws and other tools are to 
be found in Holtzappfol’s treatise on ** Turning and Mechanical 
Manipulation.” F^m this work the following account is 
condensed » — 

**The blade of the saw is a thin plate of steel rolled of equal 
thioknesB ; the teeth are then punched along its edge previously 
to the blade being hardened and tempered. After tl^ process 


tho saw is flattened by baxmuering. The blade is then ground' 
upon a grindstone of considerable diameter, and principally 
crossways, so as to reduce the thickness of the metal from the 
teeth towards the back. When, by means of the hamm^, the 
blade has been rendered of uniform tension or elasticity, the 
teeth are sharpened with a file, and slightly bent to tbe right 
and left alternately, in order that they may cut a groove so 
much wider than the general thiokness as to allow the blade to 
pass freely though tlm groove made by itself. The bending is 
called the ‘ sot ’ of the saw. Tho angles of the points of the 
saw-teeth are more acute in proportion to the softness of the 
material to be sawn* 

“ In using tho band-saw, the left hand is applied to the board, 
in order that the end of the thumb may be placed just above 
the tooth and against the smooth blade of the saw, to guide it to 
tho line. The saw is then drawn backwards and forwards a few 
times with light pressure, to make a slight notch. In the first, 
few strokes the length and vigour of the stroke of the saw are 
gradually increased, until the blade has made a out of two 
to four inches in depth, after which the entire force of the 
right arm is employed, ihe saw is used from point to heel, and, 
in extreme cases, the whole force of both arms is used to urge 
the saw forwards. 

“In order to acquire the habit of sawing well, or, in fact, 
of performing well most mechanical operations, it is desirable to 
become habituated to certain definite positions ; thus, in sawing, 
it is bettor tho work should as often as practicable bo placed 
either exactly horizontal or vertical ; the positions of tho tools 
and tlie movements of the person will then be constantly either 
horizontal or vertical, instead of arbitrary and inclined.” 

THE FILE. 

Tliis useful tool depends for its action upon the same prin- 
ci£>les as the action of the saw. The file is composed of a piece 
of stool which has first been roughened by a special process 
called file-cutting, and then rendered intensely hard. The file 
is used for removing small quantities of metal from a surface. 
Tho work is held firmly in a vice, and the file is moved back- 
wards and forwards by the workman. Simple as the process of 
filing appears to bo, a groat deal of skill is demanded in order 
to do work with it as it should be done. Tho ridges on tha 
file detach small particles of the work ; tho finer tlie file, the 
smollor are the particles which are removed, l^olishing with 
rougo is in reality a process of filing ; the particles of rouge aro 
extremely small and extremely hard, and they remove extremely 
small particles of tho surface, and thus polish it, for a polished 
surface is not absolutely smooth. When magnified, it is seen 
to be rough, but tho irregularities are very small ; the rougo 
removes all irregularities above a certain magnitude. 

Holtzappfel thus describes the manufacture of files The 
pieces of steql or tho blanks intended for files are forged out of 
bars of steel that have been either tilted or rolled os nearly os 
possible to the sections required, so as to leave but little to be 
done at tho forgo ; tho blanks are afterwards annealed with tho 
greatest caution, so that in none of the procc.sses tho tem- 
perature known as tho blood-red heat may bo exceeded. The 
surfaces of the blanks are now rendered accurate in form and 
quite clean in snrfaco, either by filing or grinding. In Warring- 
ton, where small files aro made, the blanks are mostly filed into 
shape, as the more exact method* In Sheffield, it is customary, 
in tho manufacture of largo files, to grind the blanks on tho 
grindstone as tho more expeditious method ; but tho best of ths 
small files are hero also filed into shape, and in some few cases 
the blanks are placed in the planing machine for those called 
dead parallel files, the object being in every case to make the 
surface dean and smooth. The blank before being out is 
slightly greased, that the chisel may slip freely over it, as will 
be explained. The filo-ontter when at work is always seated 
before a square block or anvil, and he places the blank straight 
before him, with the tong towards his person ; the ends of the 
blank aro held down by -^e leather straps or loops, one of which 
is held fast by each foot. 

“ The ridges ore cut by means of a chisel, which, for larger 
files, at Sheffield, is 3 inches long, 2^ inchos wide, and has a 
outting-edge at an angle of 50^ ^e first out is made at the 
l^iut of the file ; the blow of the hammer upon the ohisel 
eaxises the latter to indent and slightly drive forwards the steel, 
tteeby throwing up a irfSing rid^ or burr* The chisel is im« 
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^mediately replaced upon the blank, and eHd from the operator 
until it ^oonnters the lidfife previoiuily thrown up, which 
arreste the chisel, or prevents it from slipping further b^k, 
and thereby determines the succeeding position of the chisel. 
The heavier the blow the greater the ridge, and the greater the 
distance from the preceding out at which the chisel is arrested. 
^ The chisd having been placed in its second position is again 
i stnudc by the hammer, which is made to give the blows as 
nearly as possible of uniform strength ; and the process is re* 
peated with considerable rapidity and regularity, sixty to eighty 
cuts being made in one minute, until the entire length of the 
file has b^n out with inclined, parallel, and equidist^t ridges, 
which are collectively denominated * first course.* So for as 
t.liia one face is concerned, if the file is intended to be single-cut, 
it would then bo ready for hardening. Most files are, however, 
double-out, or have two courses of oUsel outs j and for those the 
surface of the file is now smoothed, by passing a smooth file once 
or twice along the face of the teeth, to remove only so much of 
the roughness as would obstruct the chisel from sliding along 
the face in receiving its successive positions, and the file is again 
greased. If the file is flat, and to be out on two faces, it is 
now turned over, but to protect the teeth from the hard face of 
the anvil a thin plate of pewter is interposed. In cutting files 
they almost always become more or less bent, and there would 
bo danger of breaking them if they were set straight while 
cold ; they ore consequently straightened whilst they are at the 
red heat, immediately prior to their being hardened and tem- 
pered. Previously to their being hardened, the files are drawn 
through boor-grounds, yeast, or other sticky matter, and then 
through common salt, mixed with cows’-hoof, previously 
roasted and pounded, and which serves as a dofonco to protect 
the delicate teeth of the file from the direct action of the fire. 
The compound likewise serves as an index of the temperature, 
as on the fusion of the salt the hardening heat is attained. 
The file thus prepared is gradually raised to a dull red, and is 
then straightened with a leaden hammer on two small blooks of 
lead I the temperature is afterwards increased until the salt 
just fines, when the file is immediately dipped in water. The 
tangs arc next softened, to prevent their fracture : this is done 
by immersing the tang in a bath of molted lead. The tang is 
afterwards cooled in oil. When the file has been cleaned it 
is fit for use.** 

THE CHISEL. 

This tool depends for its action upon principles very different 
from those of tho saw or file. We take the chisel as the tyj^o 
of a cutting tool, and we must first consider in what tho act of 
cutting consists. We shall again borrow from tho admirable 
authority (Holtzappfel) already referred to : — 

“ If wo drive an axo or a thin wedge into the centre of a 
block of wood, it will split tho same into two parts, through 
the natural line of tho fibres, leaving rough uneven surfaces, 
and tho rigidity of tho mass will cause the rent to precede tho 
edge of the tool. The same effect will partially occur when wo 
attempt to remove a stout chip from off tho side of a block of 
wood with the hatchet, adze, paring-knife, chisel, or any similar 
tool. So long as the chip is too rigid to bond to the edge of 
tho tool, the rent will precede tho edge, and with a naked tool 
the splitting will only finally cease when the instrument is so 
thin and sharp, and it is applied to so small a quantity of the 
material that the shaving con bend to tho tool, and then only 
will the edge be cut, or will exhibit a true copy of the edge of 
the instrument, in opposition to its being split or rent, and con- 
sequently showing the natural disruption or tearing asunder 
of tho fibres.** 

For paring a large or nearly horizontal surface, the adze is 
instrument to be employed. Tho tool is hold in 
both hands, whilst tho operator stands upon his work in a stoop- 

position ; the handle being from twenty-four to thirty inches 
weight of tho blade from two to four pounds. 

Ine adze is swung in a circular path almost of the same 
mixture as tho blade, the shoulder-joint being the centre of 
motmn, and the entire arm and tool forming as it were one in- 
•tlexible m^uB. The tool, therefore, makes a succession of small 
arcs, and m each blow the arm of the workman is brought in 
tmn^t with the thigh, which thus serves as a stop to prevent 
^OKlents. In coarse preparatory works, the workman directs 
®paoe between his two feet ; ho thus surprises 
08 by the quantity of work removed. In fine works he fre- 


quently places bis toes over the spot to be wrought, and the 
adze penetrates two or throe inches beneath tiie sole of his 
shoe, and he thus surprises us by the apparent danger yet 
perfect working of the instrument, which, in the hands of the 
shipwright in particular, almost rivals the joiner*s phme ; it is 
with him the nearly universal paring instrument, and is used 
upon works in all positions.** 

The chisel when inserted in one of the several forms of 
stocks or guides becomes the plane, tho general objects being to 
limit the extent to which the blade can penetrate tho wood, to 
provide a definitive guide to its path or direction, and to re* 
strain the splitting in favour of tho cutting action.’* 

“ It is well known that most pieces of wood will plane better 
from one end than from tho other, and that when such pieces 
are turned over they must be changed end for end likewise. 
The noooBsity for this will immediately appear if we remember 
the fibres of which the wood is composed. It rarely happens 
that the fibres will be exactly parallel to tho face of the work ; the 
plane, then, when working with tho grain, would out smoothly, 
as it would rather press down the fibres than otherwise, whereas 
when the plane is used in the other direction it will meet the 
fibres cropping out, and be liable to tear them up.’* 

“ The handsome oharaoters of showy woods greatly depend 
upon all kinds of irregularities in tho fibres, so that the direc- 
tion in which tho plane should be applied is continually chang- 
ing. Even tho most experienced workman will apply the 
smoothing-plane at various angles across tho different parts of 
such wood according to his judgment. In extreme coses, when 
tho wood is very knotty, the plane can scarcely be used at ally 
and such pieces are finished with tho steel scraper.’’^ 


PRINCIPLES OF DESIGN.— VIIL 

By Christopher Dansssa, Ph.D., F.L.S., etc. 

SOME OENEEAL ART PRINCITLES. 

I INTENDED devoting this chapter to tho consideration of fumh 
j turo, and of the art principles which are involved in its forma 
I tion ; but I fool that thoro are principles which have not yet 
been considered that are so important, and of such general ap« 
plication, that I cannot pass to consider any one art manufacture 
till those have been considered. 

The first principle to which I must ask your attention is 
utility, for tho first aim of the designer of any article must be 
to render the object which he produces useful. I may go 
further and say, that an article must be made not only useful, 
but as perfectly suited to the purpose for which it is intended 
as it can be. It matters not how beautiful tho object is in- 
tended to bo ; it must first be formed as though it were a mere 
work of utility, and, after it has been carefully created with this 
end in view, it may then be rendered as beautiful as you i^leaso. 

There are special reasons why our works should bo useful as 
well as beautiful, for if an object, however beautiful it may bo 
in shape, however richly covered with beautiful ornaments, or 
however harmoniously coloured, bo unsuitable for use, it will 
ultimately bo set aside, and that which is more oonvoniont for 
use will replace it, even if the latter bo without beauty. As an 
illustration of this fact, let us suppose tho balustrade railings 
of a staircase very beautiful, and yet furnished with such pro- 
jections as render it almost impossible that we walk up or down 
the stairs without tearing our dress, or injuring the person, and 
how soon will our admiration of tho beautiful railing disappear, 
and even bo replaced by hatred ! 

In relation to this subject, Professor George Wilson has said : 
** The conviction seems ineradicable from some minds, that a 
beautiful thing oannot bo a useful thing, and that the more you 
increase tho beauty of the necessary furniture or the implements 
of every-day life the more you lessen their utility. Make tho 
Queen’s sceptre as beautiful as yon please, but don’t try to 
beautify a poker, especially in cold weather. My lady’s vinai- 
grette carve ‘and gild as you will, but leave untouched my 
pewter inkbottlo. Put fine furniture, if you choose, into my 
drawing-room ; but I am a plain man, and like useful things in 
my parlour, and so on. Good folks of this sort seem to labour 


* In this oonueotion the student will derive very great assistance from 
Professor B. H. Smith’s “Cutting Tools worked by Hand audMachlne,*’ 
in Messrs. Cassell and Company’s series of Technological Manuals, 
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nnder the impreasioxi that the neoret desire of art is to rob 
them of all comfort. Its tmoonfessed but actual aim, they 
believe, is to realise the faith of their childhood, when it was 
nxiderstood that a monarch always wore his crown, held an orb 
in one hand and a sceptre in the other, and a literal interpreta- 
tion was put upon Sh^espoare’s words, 

** * Uneasy lies the head that wears a orowu !* 

Were art to prosper, farewell to fire-proof, shapeless slippers, 
which bask like salamanders unharmed in the hottest blaze. 
An msthetio pair, modelled upon Cinderella’s foot, and covered 
with snow-wHte embroidery, must take their place, and dis- 
pense chilblains and frost-bite to miserable toes. Farewell to 
shooting-coats out a little at the elbows, to patched dressing- 
gowns, and hair-oloth sofas. Nothing but full dross, vamisbod 
boots, spider-legged chairs, white satin chair-covers, alabaster 
ink-bottles, velvet door-mats, and sorax>ers of silver or gold. 
It is astonishing how many people think that a thing cannot be 
comfortable if it is beautiful. ... If there be one truth 
which the Author of all hag taught us in His works more clearly 
than another, it is the perfect compatibility of the highest 
utility with the greatest beauty. I offer you one example. All 
are famjliar with the beautiful shell of the nautilus. Give the 
nautilus itself to a mathematician, and ho will show you that 
one secret of its gracefulness lies in its following in its volute 
or whorl a particular geometrical curve with rigid precision. 
Pass it from the mathematician to the natural philosopher, and 
he will show you how the simple superposition of a great 
number of very thin transparent plates, and the close approxi- 
mation of a multitude of very fine engraved linos, are the cause 
of its exquisite pearly lustre. Pass it from the natural philo- 
sopher to the engineer, and ho will show you that this fairy 
shell is a most perfect practical machine, at once a sailing 
vessel and a diving-bell, in which its living possessor had, cen- 
turies before Archimedes, applied to utilitarian ends the law of 
speuifio gravity, and centuries before Halley had dived in Ids 
bell to the bottom of the sea. Pass it from the engineer to the 
anatomist, and he will show you how, without marring its 
beauty, it is ocoupiod during its lifetime with a most orderly 
system of rowing and sailing tackle, chambers for food, pumps 
to keep blood circulating, ventilating apparatus, and hands to 
control all, so that it is a model ship with a model mariner on 
board. Pass it lastly from the anatomist to the chemist, and 
ho will show you that every part of the shell and the creature is 
compounded of elements, the relative weights of which follow 
in each individual nautilus the same numerically identical 
ratio. 

“ Such la the nautilus, a thing so graceful, that when wo look 
at it, we are content to say with Keats — 

* A thing of beauty is a joy for ever;* 

imd yet a thing so thoroughly utilitarian, and fulfilling with 
the utmost perfection the purely practioal aim of its construc- 
tion, that our shipbuilders would be only too thankful if, though 
Hocrifioing all beauty, they could make their vessels fulfil tlioir 
business ends half so well.” 

Viewing our subject in another light, and with special re- 
foronoo to arohiteoturo, we notice that unless a building is 
fitted for the purpose intended, or, in other words, answers 
utilitarian ends, it cannot bo esteemed as it otherwise might bo, 
even though it bo of great msthetio beauty. In respect to this 
Bubjeot, Mr. Owen Jones has said, “ The nave and aisles of a 
Gothic church become absurd when filled with pews for Pro- 
testant worship, where all are required to see and hear. The 
columns of the nave which impede sight and sound, the aisles 
for prooessions whioh no longer exist, rood-screens, and deep 
ohanoels for the oonoealment of mysteries, now no longer snob, 
are all so many uselesB reproductions which must be thrown 
asido.’^ Further, ** As arobiteoture, so all works of the decora- 
tive arts, should possess /Iness, proportion, harmony; the 
result of all which is repose.** Sir Digby Wyatt has said, “ In- 
finite variety and unerring fitness govern all forms in Nature.’* 
Vitruvius : “ The perfection of all works depends on their fitness 
to answer the end proposed, and on prinoiples resulting from 
a consideration of Nature itself.” Sir Charles L. Eaatlake : ** In 
every case in Nature where fitness or utility can be traced, 
the oharaoteristio quality, or relative beauty, is found to bo 
identioal with that of fitness.” A. W« Pu^ t ” How many 


objeota of ordinary use are rendered monstrous and ridionlooA 
simply because the artist, instead of seeking the most con* 
veniont form, and then decorating it, has embodied some ex* 
travaganoe to oonoeal the real purpose for which the article has 
been made.” And with the view of pointing out how fitness for* 
or adaptation to the end proposed is manifested in the siaruo* 
ture and disposition upon the earth of plants, I have written 
in a little work now out of print; **The trees whioh grow 
highest upon the mountains, and the plants whioh grow upon, 
the unsheltered plain, have usually long, narrow, and rigid 
leaves, which, owing to their form, are enabled to bear the, 
fury of the tempest, to whioh they are exposed, wii^out injury. 
This is soon in the case of the species of fir whioh grow at 
great altitudes, whore the loaves are more like needles than 
leaves as they commonly occur; and also in the species of 
heath whioh grow upon exposed moors : in both cases the! 
plants are, owing to the form of the leaf, enabled to defy the 
blast, while those with broad leaves would bo shattered and 
destroyed. 

“ Not only is the form of leaf such as fits those plants to 
dwell in such inhospitable regions, hut other oircumstanoes 
also tend to this result. The stems are in both oases woody 
and flexible, so that while they bend to the wind they resist 
its destroying influence by their strength and elasticity.. 
In relation to the stem of the papyrus,” whioh is a plant 
constantly met with in Egyptian ornaments, ” Sir W, J. 
Hooker mentions an interesting fact whioh • manifests adapta* 
tion to its position. This plant grows in water, and attaches, 
itself to the margins of rivers and streams, by sending forth 
roots and evolving long underground stems in the alluvium of 
the Bides of the waters. Owing to its position it is exposed to 
the influences of the current which it has to withstand, and 
this it does, not only by having its stems of a triangular form 
— a shape well adapted for withstanding pressure — but also 
by having thorn so placed in relation to the direction of tho 
stream, that one angle always meets the current, and thus 
separates the waters as does the bow of a modern steam-ship.” 

I might multiply illustrations of tliis principle of JitnesSf or 
adaptation to purpose, os manifested in plants, to an almost in- 
definite extent ; hut when all had boon said, we should yet have 
but the simple truth before us, that the primary aim whioh 
we should have in creating any object, is that of rendering it 
perfectly fitted to answer the proposed end. If those works 
which are beautiful wore but invariably useful, as they should 
ho ; if those objects which arc most beautiful wore also the* 
most convenient and useful — and there is no reason why they 
should not be so — how the beautiful would become loved and 
sought after. Cost would he of little moment, the price would 
not ho complained of, if beautiful objects wore works of perfect 
utility. But, alas I it is for otherwise : that which is useful is. 
often ugly, and that which is beautiful is often inconvenient to- 
use. This very fact has given rise to the highly absurd fashion, 
of having a second poker in a drawing-room set of fire-irons. 
The one poker is ornamental, possibly, but it is to bo looked 
at ; the ether is for use, and as it is not to ho looked at is 
hidden away in some comer, or olose within the fender. I do> 
not wonder at the second poker being required ; for nineteen 
out of every twenty pokers of an ornamental (?) oharaoter 
which I have seen during the last few years would hurt the 
hand so insufferably if they were used to break a lump of coal 
with, that it would almost be impossible to employ them con- 
stantly for such a purpose. But why not abolish the detest- 
able thing altogether P If the poker is to be retained as an 
ornament, place it on the table or ohimney-pieoe of yonc 
drawing-room, and not down on the hearth, where it is at suoh 
a distance from the eye that its beauties cannot be discovered-. 
It is no use saying it would he out of plaoe in such a position. 
If to poke the fii^ with, its place is within the fender ; if it is 
an ornament, it should be planed where it oan be best seen^iu- 
a glass ease, if worthy of protection. 

I hope that sufiBoient has now been said upon this all-impoiv 
tant necessity, that if an object is to bo beautiful it should also* 
he useful, to cause us to oonsidex it as a primary principle of 
design that all objects whioh we create muat be useful. To- 
this as a first law we shall constantly have to refer. When we 
oonstruot a chair we shall ask, is it useful P is it strong ? is it 
properly put together P could it be stronger without using more' 
or a stronger material P and then we should consider wh^er it 
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h bMtifitL When wd design n bottle we shell inquire, is it 
useful P is it SiU that a bottle should be P could it be more useful P 
and then, is it beautiful P When we create a gas-lnranoh we 
shall ask, does it fulfil all requirements, and t^rfectly answer 
the end for which it is intended P and then, is it beautiful P 
And in relation to patterns merely, we shall a^ have to make 
similar inquiries. Thus, in drawing a carpet design, we shall 
inquire, is this form of ornament suitable to a woven fabrio P 
is it suitable to the partipular fabrio for which it is intended P 
is the particular treatment of the ornament which we have 
adopted the best possible when we bear in mind that the carpet 
has to be walked over, is to act in relation to our furniture 
as a background does to a picture, and is to be viewed at 
some distance from the eye ? and then, is it beautiful P Such 
inquiries we shall put respecting any object the formation of 
which we may suggest : hence, in all our inquiries, I shall, as 1 
love art, consider utility before beauty, in order that my art 
mi^ be fostered and not despised. 

Ihere are many subjects not yet named in these chapters 
which wo ought to consider, but I must content myself by 
merely mentioning them, and you must be willing to think of 
them, and consider them with oare as their importance may 
demand. Some of them, however, we shall refer to when con* 
sidoring the various manufactures. 

A prinoiple of great importance in respect to design is, that 
the material of which an object ia formed should he used in a 
manner consistent with its own nature^ and in that particular 
wa/y in which it can he most easily worked. 

Another prinoiple of equal importance with that just set 
forth, is this : that when an object is about to he formed^ that 
material (or those materials) wldch ia moat appropriate to its 
formation should be sought and employed. These two proposi- 
tions are of very great importance, and the principles which 
they set forth should never be lost sight of by the designer. 
They strike at the very root of successful designing, for if 
ignored the work produced cannot be satisfactory. 

Cu'i'ves will he found to he beautiful just as they are subtle in 
character ; those which are most subtle in character being moat 
beautiful. 

The arc is the least beautiful of curves (I do not here speak 
of a oirolo, but of the line, as a lino, which bounds the circle) ; 
being struck from one centre, its origin ia instantly detected ; 
while the mind requires that a line, the contemplation of which 
shall be pleasurable, must bo in advance of its knowledge, and 
call into activity its powers of inquiry. The elliptic curve, or 
curve bounding the ellipse, is more beautiful than the arc, for 
its origin is not so strikingly apparent, being formed around 
two centres. The curve of the egg is more beautiful still, being 
formed around three centres. As the number of centres neces- 
sary to the formation of a curve increases, the difficulty of 
detecting its origin also inoreases, and the variety which the 
curve presents is also proportionally great ; the variety being 
obviously greater as the number of the centres from which it 
is struck ia increased. 

Proportion^ like the curve, must he of a subtle nature. 

^ A surface must never be divided for the purpose of decora- 
tion into halves. The proportion of 1 to 1 is bad. As pro- 
portion increases , in subtlety it also inoreases in beauty. The 
proportion of 2 to 1 is little better ; the proportion of 3 to 8, 
or of 5 to 8, or of 6 to 13, is, however, good, the lost named 
being the best of those whioh I have adduced ; for the pleasure 
derived from the contemplation of proportion increases with 
the difficulty of detecting it. This principle is true in relation 
to the division of a mass into primary segments, and of 
primary segments into secondary forms, as well i^s in relation 
to grouping together parts of various sizes ; henoo it is worthy 
of special note. 

A principle of order must prevail in every ornamental com- 
position. 

Confusion is the result of accident, order of thought and 
oare. The operation of mind cannot well be set forth in the 
^senoe of tlds prinoiple ; at least, the presence of a prinoiple 
of order renders the operation of mind at once manifest. 

The repetition of porrts frequently aids in the production of 
ornamental effects. 

The kaleidoscope affords a wonderful example of what repeti- 
mere fragments of glass whioh we view in 
tnis instrument would altogether fail to please were ihqy not 


repeated with regolarity. Of themselves repetition and order 
can do much. 

Alternation is a principle of primwry importamee in eertoim 
ornamental compositions. 

In the case of a fiower (as the butteronp, or ohiokweed, for 
example), the ooloured leaves do not fall over the green leavea 
(the petids do not fall over the sepals), but between them — 
alternate with them. This principle ia not only manifested ia 
plants, but also in many ornaments produced in the beat 
periods of art. 

Jf plants are employed as ornaments they must not he treated 
invitatively, but must be conventionally treated^ or rendered 
into ornaments, 

A monkey can imitate, man can create. 

These ore the ohiof principles whioh we shall have to notice,, 
os involved in the production of ornamental designs. 

The next paper will bo devoted to the oonsideration of art 
furniture, but in it we shall have to disouss questions involved 
in the oonstruotion of all art objects. 

TECHNICAL DRAWING.— XVIIL 

DEAWING FOE MACHINISTS AND ENGINEEES. 

PBACTicAii aEOMBTBY (continued). 

Fio. 194. — To draw a curve which shall he a portion of a circle^ 
when the centre ia not available. 

Let A B be the chord of the are, and D c its rHse. 

From A and b as centres, with the radius A b, describe the 
arcs A £ and b f. 

From A draw a line through c, cutting the arc b r in a. 

From B draw a line through o, cutting the arc A £ in H. 

Divide A H and b g into any number of equal ^mrts, as, 1, 2^ 

I 3, 4, 5, and set off a number of these parts from G and H, as a, 

1 h 

Draw lines from A to 1, 2, 3, 4, 5, and from b to a, b, c, d, 

Then it will be scon that the first line above h— viz., a— 
intersects the first line below a — viz., 1 — in the point v. 

In the same manner line 2 will intersect h, line 3 will inter* 
sect c, and lines 4 and 5 will cut d and e. 

Proceed in the same manner on the opposite side, and through 
the intersections trace the curve by hand. 

For inking, a templet” may be made; and as this pl^n 
will be recommended in sovoral other oases, the mode of maki g 
this useful article is given. 

Draw the figure accurately on a smooth piece of veneer of 
other thin wood ; if of a light colour, so much the bettor ; or a 
small quantity of veneer may be kept by you, with thin white 
paper glued over it. 

Out out the form near to the line required, and bring it 
exactly up to the mark by moans of a fine file : a half-round 
file is best for this, as it enables you to finish up concave aa 
well as convex curves. The final smoothing is then to bo done 
with very fine glass-paper, and in this prooess the edges should, 
bo slightly bevelled off (as already advised in the ease of set- 
squares), in order to prevent the ink dragging on the paper. 

Sets of curves of different radii and “French curves" Cf 
various forms may bo purchased, and though these will b» 
found very useful in their way, the above hints are given, as it 
is deemed advisable to promote self-help as much as possible. 

The student will remember that no portion of a true ellipse is 
a part of a circle, and the curve cannot, therefore, be drawn with 
oompasses so as to be mathematically correct; but there art 
many ways in which figures nearly approximating to ellipses may 
be drawn by arcs of oirolos, whioh are very useful for genenJ 
l)ractical purposes. In mechanical drawing, therefore, figures 
approximating to elUpses are used, and have the advahtago that 
they can be drawn by means of compasses instead of by hand. 
The following method is given in addition to those whioh will 
be found in “ Practical Geometry applied to Linear Drawing.” 

To construct an elliptical figure by means of arcs of circles 
(Fig. 195). 

Place the two diameters A B and c D at right angles, ana 
intersecting each other at their middle point, £. 

]^m b on the line A b set off b F equal to £ c. Prom B on 
X o aet off £ G equal to x F. Draw G v, and bisect it in Z- 
From F set off F J equal to F i. Draw j.k parallel to a 
From X aet off X L and x xc equal to x j. 
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Oomi^te the square j K l x, and produce the aides bqyond 
j and L. The angles of the square are the centres from which 
the elliptical figure may be drawn. 

From K and m, with radius x D or x o, describe arcs cutting 
the produced sides of the 
square in o and p, q. 

From J and L, wii^ radius 
L A or J B, describe arcs 
joining N P and o q, which 
will complete the figure. 

Fig. 196.-*Ib bisect the 
epace contained between two 
lines, A and b, inclined to 
each other when the point 
at which they would meet i$ 
itnaccesaihU, 


Fig. 108 . — To divide a cireU into nwff nwnher ef egnaH 
parte. 

The following constructions, which require the oompasaes 
alone, are best made with the steel diridera, and if two 

or three pairs can be em« 
ployed, the distances (such 
as the radius of the circle), 
often required, can be kept 
unaltered. 

With the giyen radius de< 
scribe the circle, and divide 
it into etas parts in b, o, d, 
B, V, a. B X is a diameter, 
and therefore divides it 
into two. B D is the chord 
of 2 or ), and the circle is 





r X 

w 


At any part of each line 
erect equal perpendiculars, 
as c B and n f, and from 
their extremities draw 
linos parollol to A and B, 
intersecting in a. 

Bisect the angle bop, 
and the line gh will bi- 
sect the space contained 
between the lines A and b. 

Fig. 107 . — To describe a 
circle touching two given 
circles, A and b, and one 
qf them in a given point of 
contact, c. 

Join the centres D and B. 

Draw a line from o, passing through d, and produce it. 

At B draw B f parallel to D c. 

Draw O r parallel to b d, and produce it to o. 

Draw O B, and produce it until it intersects 0 D produced 
in B. 

From H, with radius h o, describe the required circle, which 
will touch both the circles a and B, and one of them in the 
given point o. 


divided in B, D, F into three 
parts. 

From each end of the 
diameter B B, with the 
chord of B D or o B, de- 
scribe arcs intersecting in 
X.* Then the distance AX 
being set off from B and b, 
the circumference will be 
divided into four parts in 
H, B, I, B. 

' The aro described with 
the radius A B from X, X 
as centres will out the 
ciroumforenoe in x, l, 
and N, which points bisect 
the quadrants b h, h b, B i, and i B, and thus divide the circle 
into eight equal parts. 

The radius A B, set off from H, i to o, P, Q, B, bisects the arcs 

* In all these oocstrnetions, in order to ensnve greater acenntoy, 
the ores should be described on both sides of the line joining the 
I oenties; thus the point x sboold be found on both sides of tho 
i diameter b s. 
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B o» i> X, B V, BBd « B, wlddt ooiiiqpietM the trueoiicm ef each 
quadrant, and therefore ditides the drole into iwe^e parts. 

The ra^ns ▲ b, set off from K, L, x, and K, bol^ ways from 
eaoh point, will hieeot the two axes on each sideof the extremi- 
ties of the diSiOMterB, b s, i k in s, t, .u, y, w, z, a, 6, and thns 
complete the ditision of oirole into twenty^fovr parts. 

farther sobdiYision may either be done by biseoting the 
arcs ahready formed, or by trial. Thns eaoh 
of the twenty-fbnr parts being biseoted, the 
drole will be ditid^ into foHy^hi parts. 

AH the foregoing oonstmotions, by which 
the oironmferenoe is diyided into twenty- 
four parts, are performed, it will be 
seen, by three distances onVy^ the radius 




The division mi^ forty parts may be effected by bisecting the 
arcs last found. 

These constructions wiU be found useful ta drawing regular 
polygons, and in dividing the circles for toothed wheels. Of 
course no more of * the figure need be wo^ed t h a n is necessary 
for the immecMate purpose. 

Hg. 200.— Ib join two lines, A b, indlined to ea^ other, hym 
are cf a cirele. 

Produce A and b until they meet in a 
Bisect the angle A o b. 

At D, the extremity of one of the Himw, 
erect a perpendicular, cutting the line of 
bisection in e. From e, with radius E 
describe the arc d f which will meet A in r. 


Pig. 198. 




Fig. 201, 


A B, the chord B D, and A X ; consequently, if | 

these be kept unaltered in separate pairs of I 

dividers, the operations are performed with the V 
greatest accuracy. \ 

^ In order to avoid confusion, the continna- x. 

tion of this problem is given in a separate 
figure (Fig. 199). With the distance A x as a 
radins, from o, p, q, B (these points having been found as in 
the last figure), describe arcs intersecting in t ; then the 
distance b x, or E y, will divide the oiroumferenco into Jive 
equal parts in B, o, D, F, and a. The distance a y will biseot 
the arcs b o, c d, d f, etc., h, i, E, x, L, and thus divide the 
circle into ten parts. 

The distance b y, set off from s, T, the extremities of the 
diameter s t, perpendicular to b x, bisect the arcs d e, b h, 
E F, B L im the points u, v, w, z, and will thns give one-twentieth 
of the oironmferenoe.- The same distance being set off from 
these points will biseot the other arcs of the decagon. 


0 I If the point 0 is not aooessible, the angle 

I must be bisected as shown in Fig. 196 in 

j preceding page. This method of bisecting an 

/ angle should be carefully practised by the learner. 

Fig. 201. — To draw a circle touching another 
_ circle in a given point, and passing through a 

given point lying without the circle, 

] Let A be tbo point of oonta<^ in the given oirole, and B the 
, point lying without it. 

1 The centre of the required circle wiU evidently lie on the 
i radius o A produced, and on a perpendicular at the middle of a 
j line joining A B, which line wiU be a chord of the required 

oirole ; therefore 

Produce o A to as great a length as may be necessary. 

Draw a line from a to b, and bisect it in c. 

Produce the bisectiDg line until it outs o A produced in ix 
The point D is the cento of the required circle. P A being tho 
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PROJECTION.— XII. 

QUESTIONS FOB EXAMINATION. 

Tbs foUowiiiF questionB, Beleoted for the moat part from the 
papera given at the Government and other ezaminationa, are 
appended with the view of enabling the student to test his own 
knowledge, and as suggestions to teaohors as to the mode of 
stating problems on tMs subject. It is hoped that the examples 
f^oady given, and the application of them, will have shown the 
constructions upon which all the questions are based. 

1. Give the plan and elevation of a line 3 inches long, when 
parallel to the vortioal and horizontal plane, and 2 inches distant 
from each. 

2. Give the plan and elevation of this line when it is at right 
angles to the vertical and parallel to the horizontal plane, its 
height being 2 inches from the ground. 

3. Give the plan and elevation of the same lino, when the 
former is a point, and the latter a vertical lino 3 inches long. 

4. Give the elevation and plan of the same line when it is 
parallel to the vertical, but is inclined to the horizontal plane 
at 70". 

5. Give the plan and elevation of the line, when it is inclined 
at TO*’ to the horizontal, and 45*^ to the vortical plane. 

6. A wire 3 inches long projects from a wall at 60® to the 
surface, and is parallel to the ground. Give the plan and 
elevation. 

7. A plane 2" X 3" rests on its narrow edge in such a manner 
that its surface is at right angles to both planes. Give plan 
and elevation. 

8. Give plan and elevation of the same plane, when its surface 
is vortioal, but inclined to the vertical plane at 45®. 

9. Give plan and elevation of the same plane when its shorter 
edges are at right angles to the vertical plane, and its surface 
inclined to the horizontal plane at 60®. 

10. Give plan and elevation when the plane rests on one of 
its short edges, its surface being inclined at 60® to the horizontal 
plane, and its long edges being at 45® to the vertioal plane. 

11. A square plane of 8 inches side lies on the horizontal 
plane, its one diagonal being at right angles to the vortical 
plane, and the other parallel to it. Give plan and elevation. 

12. Give elevation and plan when the plane rests on one of 
its angles, its surface being inclined at 40® to the horizontal 
piano, but its one diagonal remaining at 90® to the vertioal 
plane. 

13. Give plan and elevation of the same plane when one of 
its diagonals is at 45® to the horizontal, and 60® to the vertical 
plane, the other diagonal being parallel to the horizontal plane. 

14. A cube of 2 inches side stands on the horizontal plane, 
with two of its faces parallel to the vertical plane. Give its 
plan and elevation. 

15. Draw its plan and elevation when standing on one of its 
sides, the opposite one being horizontal, and the others being at 
45® to the vortioal plane. 

16. Give plan and elevation when resting on one of its solid 
angles, one diagonal of the base being at 50® to the horizontal, 
and the other at 90® to the vertioal plane. 

17. Draw elevation and plan of the same cube, when resting 
on one of its edge$t so that two of its sides are vertioal and the 
rest moke angles of 45® with the horizontal, but ore at right 
angles to the vertioal plane. 

18. Add the shape (the development) of the piece of metal or 
other substance wMoh on being folded would form the above- 
named cube. 

19. There is a stick of timber 2 inches square at base, and 5 
inches high. Give the true shape of a section caused by a plane 
entering at one angle of the top, and emerging at the opposite 
angle of the base. 

20. Give the development of one portion of this square prism 
when it has been cut as in the last question. 

21. Give plan and elevation of a triangrular prism when resting 
on one of its long faces, the surface of the triangular end being 
at 50® to the vertioal plane. The end is on equilateral triangle 
of 2 inch edge, and the len^ of the prism is 3^ inches. 

22. Give plan and elevation of the same prism when the edge 
of the end on which it rests is at 50® to the vertioal plane, and 
the under side is inclined to the horizontal plane at 35*’. 

28. Add the development of this prism. 

24. Draw the plan and elevation d a regular pentagon of 1 


inch side when resting on one of its angles, so that its surface 
is at right angles to the vertical, and at 60® to the horisonteX 
plane. 

25. Give the projection of this polygon when the li^ johiing 
the angle on which it rests to the middle of the opposite side is 
at 40® to the vertioal plane, the inclination to the horisontal 
plane remaining the same as in the last fignre. 

26. There is a hexagonal prism of 1 inch side and 4 inohes 
long. Draw plmi and elevation when standing on its end, with 
two of its faces parallel to the vertioal plane. 

27. Give the plan and elevation of the same prism, when tha 
axis is vertioal and one of its faces is at 40® to the vertioal 
plane. 

28. Give elevation and plan of the same prism when two of 
its faces are parallel to the vertical plane, and the prism is so 
inclined that the axis is at 50® to the horizontal plane. 

29. Draw the plan and elevation when the prism rests on one 
of the solid angles, and the axis is at 50? to the horizontal, and 
45® to the vortioal plane. 

30. Project the prism when lying on one of its long faces, the 
axis being at 40® to the vortioal plane. 

31. Give the true section caused by a plane passing from one^ 
angle of the top to the opposite angle of the bottom. 

32. Draw the development of the prism, marking on it tho 
lino of section, as per last figure. 

33. Thoro is a prism, the ends of which are regular octagons 
of ^ inch side, and the sides of which are 4 inches long. Givo 
the plan and elevation of this object when the one edge of the 
base rests on the ground, and the oorresponding edge of the 
top touches the edge of a cube of 2 inohes side. 

34. Give the plan and elevation of this group when rotated 
so that the sides of the cube are at 45® to the vertical plane. 

35. Project the front view of an octagonal prism (size at 
pleasure), when its end rests in a piano inclined at 35®, neither 
of the long faces being parallel to the vortical plane. 

36. Give a section of the prism named in Question 33, caused 
by a plane passing through it at 60* to the axis ; the prism to 
bo hollow, and formed of wood J inch thick. 

37. Give plan and elevation of a hexagonal pyramid when 
two of the edges of the base (1 inch long) arc at 20® to the 
vertioal plane, the altitude being 24 inches. 

38. Draw elevation and plan of this pyramid when lying on 
one of its triangular faces, with its axis parallel to the vertioal 
plane. 

39. Give the elevation and plan of this pyramid when resting 
on one angle of the base, and one of its edges being vertical. 

40. A circular disc (14 radius) stands so that one diameter 
is vertioal, and another at right angles to the first is at 50® to 
the vortical plane. Give plan and elevation. 

41. Give elevation and plan of the same oiroular disc, when 
resting on the mid of one diameter, which is parallel to the 
vortic^ piano, the surface being at 40® to the horizontal plane. 

42. Draw Ihe plan and elevation of the same disc, when the 
diameter is at 40? to the horizontal and 60® to the vortical 
plane. 

43. A circular slab of stone, such as a mill-stone, 4 feet 
diameter and 1 foot high (fo he represented hy inches for feet)^ 
lies on the horizontal piano. Give the plan and elevation. 

44. A second circular slab, 3 feet diameter, and 1 foot high, 
rests on a slab, similar to the last ; their oentres being ooinoi* 
dent. Draw the plan and elevation. 

45. Draw the elevation, plan, and projection of these two 
slabs, one placed on the other, as above, ^rhen their oiroular 
sarfaoes are inolined at 40® to the horizontal plane. 

46. A cylinder, 4 inohes long and 2 inohes diameter, standa 
on its oiroular end. Give the plan and elevation. 

47. Draw the plan and elevation of the same cylinder when 
lying on the horizontal plane, its axis being pai^ol to both 
planes of projection. 

48. Give plan and elevation of the cylinder when lying ou 
the horizont^ plane, its axis being at 60® to the vertical plane. 

49. Draw the plan and elevation of a cylinder 4 inches long 
and 2 inohes diameter, when the axis is inolined at 60® to tba 
horizontal and 45® to the vertioal plane. 

50. Give the true section caused by a plane passing through, 
the middle point of the axis at 45® to it. 

51. Draw the development this cylinder, marking on it tha 
line of section. 
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52. A oylindrioal pipe, of 2 incHes diameter, ie to be cut so 
as to turn a ri^ht angle. Give plan and elevation, showing the 
sootion-line. 

5d. Give the elevation and plan of one of the parts when 
resting on the seotional surface. 

54. Give the true shape of the section, and the development, 
i^owing how both parts of ^e elbow may be out out of the 
same pieoe of metal without any waste. 

55. From piping of the same diameter, oonstmot a double 
elbow-joint, one end of whioh bends one way and the other the 
opposite. Give development of the three parts to be out out of 
one piece without waste. 

56. The same piping is to be earned round three sides of a 
square room (size at pleasure). Give development, showing the 
section-line. 

57. A pipe of sheet iron (2 inches diameter) is to be joined so 
as to turn an angle of 120°. Show on an elevation the inclina- 
tion of ihe lino of section, and show on a development the line 
in whioh the metal must be out to form the required parts 
without any waste. 

58. Given a cone of 2| inches base and inches altitude. 
Draw the plan and elevation of this cone when standing on its 
base. 

59. Give elevation and plan, when the cone lies on the hori- 
zontal plane, its axis being pa^lel to the vertical plane. 

60. Draw the projection of the cone, when lying on the hori- 
zontal, with its axis at 45° to the vertical plane. 

61. Project the cone when resting on one end of the diameter 
of the base, the axis being inclined at 70° to the horizontal 
piano. 

62. Project the cone, when the axis is inclined at 70° to the 
horizontal and 45° to the vertical plane. 

63. Draw the true section of the same cone caused by a plane 
at 40^ to the surface of the base, whioh enters at | inch from 
the bottom. 

64. Draw the parabola resulting from a plane entering the 
base of a similar cone at f inch from the centre. 

65. Draw the hyperbola resulting from a section-plane enter- 
ing the base of a similar cone at f inch from the axis. 

66. A pipe 2 inches square is penetrated by another of 1 inch 
side. The smaller one passes through 2 sides of the larger, 
their axes being at right angles to each other. Give elevation 
and plan when two faces of each of the pipes are parallel to the 
vertical plane. 

67. Project this object when the two faces, which in the lost 
case were parallel to the vertical plane, are at 60° to it. 

68. Give the development of tho larger pipe, showing the 
exact shape of tho aperture through which the smaller one is to 
pass. 

69. Give tho elevation and plan of tho object when the 
smaller pipe penetrates the sides of the larger at 60°. 

70. Draw tho development of the larger pipe, showing the 
apertures, and of one pieoe of the smaller one. 

71. A square pipe of 2 inches side is penetrated by another 
of inch side, their axes being at 60° to each other, and 
parallel to the vertical plane; and two edges of tho smaller 
meeting two edges of the larger pipe. Give the elevation and 
plan. 

72. Draw tho plan and elevation, when two faces of the 
larger pipe are pi^allel to the vertical plane. 

73. Draw the development of tho larger pipe, showing the 
shape of the apertures through which tho smaller one is to pass, 
and also one of the ends of the smaller pipe. 

74. A cube of 8 inches side stands on the horizontal plane, 
and is surmounted by a square pyramid, 3 inches high. Give 
elevation and plan, when two faces of the cube and two of the 
sides of the base of the pyramid are parallel to the vertical 
plane. 

75. Draw the elevation and plan of this object, when the 
faces are parallel to the vertical plane, as in the last question, ' 
but when the base is inclined at 25° to the horizontal plane. 

^ 76. Draw the plan and elevation of tho object, when tho 
sides of the cube are at 50° and 40° to ttio vortical plane. 

77. Give plan and elevation of the object, when tho faces of 
the cube are at 45°, and two of tho sides of the base of tho 
pyramid are parallel to the vertical plane, their axes being 
ooinoident. 

^ 78. Draw the shape of the pieoe of metal to form a gas- 


shade, 20 inches wide across the oircnlar base, 6 inches across 
the top, and 10 inches perpendicular height. (To be worked 
4 size.) 

79. A cylindrical coal-scuttle is to be made of sheet iron ; it 
is to be 10 inches in diameter and 18 inches high at the highest 
part, the lid to be inolincKi at 45°. . Draw the shape the metal 
is to be out to form this objeot, and the exact shape of the lid. 
(To be worked 4 size.) 

80. A cylinder, 2^ inches diameter and 6 inches long, is 
penetrated by another of 1^ inch diameter and 5 inches long, 
their axes being at right angles to each other, and intersecting 
at their centres. Show tho mode of obtaining the curves of 
penetration. Develop the larger cylinder and one of tho ends 
of the smaller one. 

81. Draw tho plan and elevation of this object when the 
axis of the larger is parallel, and of the smaller at 60° to the 
vertical plane. 


THE STEAM-ENGINE.— ly. 

By J. M. WioNza, B.A., B.Sc. 

BOILERS (concluded ) — the furnace — ^relative value of 

DIFFERENT KINDS OF COAL — DRAUGHT — SMOKE-CON. 

SUMING ARRANGEMENTS — TBMPEHATUBE AND PRESSURE. 

We have now referred to those forms of boiler whioh have 
come into most general use. There are, however, many other 
varieties, some of which are only available for special and 
peculiar work, while others are of bomparatively recent intro- 
duction, and ^ve as yet to stand tho tost of experience. Sec- 
tional wronght-iron boilers have been tried of late years, with 
apparently good results. In those the water is contained in 
wrought-iron tubes of comparatively small diameter, round 
which the flame and hoqtod gases are made to play. These 
tubes are proved to a great pressure before being used, and are 
so arranged that if by accident any one should become injured 
or ruptured it can easily be either out out of communication 
with the rest of tho boiler, or removed and replaced by a fresh 
one. In ono form of boiler, on this principle, a number of 
parallel wrought-iron tubes are placed above tho furnace, from 
each of which a small tube leads into the general steam-pipe. 
In other forms, tho tubes are connected to one another at tho 
ends, but the oonnections are so arranged that any defeotive 
one can easily be separated from the rest. Many advantages 
are claimed by tho manufacturers of those boilers, among whioh 
are economy in use and greatly-increased safety — an injury 
being easily discovered and repaired, and on explosion of tho 
whole being rendered almost impossible. 

One of tho uses to whioh the steam-engine has been applied 
is to work a fire-engine. In largo towns, where dwellings and 
warehouses are closely packed, fires spread very rapidly, and 
manual engines are found not to be sufficiently powerful to ex- 
tinguish them with promptitude. Steam is therefore employed ; 
but in this case the desideratum is an engine and boiler so 
oonstruotod as to get up steam in a very short time, as other- 
wise the fire gains a very powerful hold before tho engine can 
be set to work. Much attention has accordingly been directed 
to this point, and with such success that engines are now 
mode capable of throwing very largo jets of water within a few 
minutes of tho time when their fires are lighted. Tho boilers 
usually employed are of very small dimensions, and contain a 
large number of short tubes very closely packed ; quick-burning 
fuel is also employed, so that a poweiful draught is at once 
produced. The quantity of water in tho boiler is of course 
very small, and thus a high pressure is quickly attained. The 
engine is so arranged that at every stroke a small quantity of 
water is injected into the boiler, sufficient to take the place of 
that converted into steam, without materially reducing the tem- 
perature of the rest. The amount of work aooompl^ed by 
these engines is very great indeed, when considered with refer- 
ence to their size and weight. They are usually worked at 
great speed, and with steam at a pressure of from 100 to 150 
pounds to the inch. In an official trial of fire-engines at the* 
International Exhibition of 1862, steam was got up to a pressure 
of 100 pounds by two different engines in 12 minutes 10 seconds 
and 184 minutes respectively, from the time of lighting the fires* 
the boiler in each case being filled with cold water at starting. 
Sometimes those engines are made to propel themselves ak>ii|p 
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the road to the fire, but this ploA ie not generallsr adopted, as it 
is found better to start at onoe *wlth horses, and get up steam 
while going along. One drawback to the nee of boilers of this 
kind, with the tabes so olosetT^ placed, is that they soon become 
inorasted, and the far depoidt^ hinders the drcolaiion of the 
water. As, however,’ fire-en^es are not very often set to 
work, and then oxfly for a oomparatiTely short period, there is 
ploniy of time for removing this aoenmnJation, and the boiler is 
so oonstruoted that the covering can easily be removed and the 
tabes laid bare for this purpose. 

We most now pass from the details of the boiler to notice 
the arrangements of the fnmaotf, many of whioh have already 
been referred to in connection with the boilera of which we 
have spoken. 

The furnace is the source of all the power. The fuel sup- 
plied to it enters into chemical combination with the oxygen of 
the air, evolving thereby a large amount of heat, whioh, by the 
medium of the steam, becomes in time converted into force. 
The fuel usually employed is coal — a mineral substance con- 
sisting principally of carbon and hydrogen, together with some 
sulphur and various inoombustible mineral ingredients whioh 
remain behind in the form of ash. During the prooeas of com- 
bustion, the carbon, hydrogen, and sulphur unite with the 
oxygen of the air, producing various gaseous products, the 
principal of whioh are carbonic oxide, carbonic acid, and watery 
vapour. The exact products vary with the coal employed, 
different samples of whioh are found to differ very greatly in 
their composition, and accordingly in the duty they are capable 
of performing. Good coal ought to contain at least three- 
fourths its weight of carbon — often it contains considerably 
more. 

It will easily be seen the.t the amount of heat produced by 
the consumption of a given weight of coal is a very important 
point in connection with the economical employment of the 
engine. A large number of experiments have therefore been 
tri^ with coal of every variety. A very important series of 
trials of this kind, conducted under Government authority at 
Woolwich, was brought to a close a few years ago, and the 
results published as a Parliamentary paper which is well 
worthy the attention of all employers of steam-power. These 
trifUs had extended over many years, and were carried on with 
groat care. Boilers were fed with water at a uniform tern- 
peraturo of 100*’ : the trial was then oontinuod some days, the 
exact amount of coal consumed being noted, and also the 
amount of water evaporated. It would bo impossible here to 
insert even a general abstract of those trials, but the following 
•extracts will give an idea of the average duty whioh should, 
xinder favourable oiroumstanoea, bo obtained ; — 

Pounds of Water 

Description of Coal. |ovaxjoratod for each poundj 

of Coal consamed. 

Best Welsh Cool 9’4P3 

Anthracite 9*014 

Best Small Newcastle Coal. . 

Average Small Newcastle Coal 8*074 

Average Welsh Coal .... 8*045 

Large Newcastle Coal . . . 7*658 

Derbyshire . * 6*772 

Generally, then, wo may state that from 7 to 9 pounds of 
water at 100*^ (whioh may be taken as the average tempera- 
ture of feed-water) should be evaporated by each pound of coal 
OGtiBumed in the furnace. The best results are those obtained 
with a Cornish boiler, that being the form of boiler in which 
the greatest economy of fuel is obtained. This economy has 
been partly produced by the system, whioh has long prevailed 
in that district, of publishing riie resvdts obtained as compared 
with the coal used. This plan has produced a kind of com- 
petition that has acted very favourably. In many oases little 
care is taken as to the construction or management of the 
furnace, and the results then obtained are, of course, much 
inferior to those given above. 

By inquiring a little into the process of combustion that goes 
on in the furnace we shall be able to understand more clearly 
the different things requisite in order to ensure perfect oom- 
bastion. Carbon itself bums almost without flame when 


heated to a temperature of 790^ or 800^. The hydrogen in 
the ooal is for the most part combined with some of the carbon, 
producing the gas known as carburetted hydrogen, and this it 
is whioh produces the flame and smoke. The produOts of com- 
bustion are themselves invisible, but this gas carries with it 
small partiol€»8 of the ooal meohanioalljr suspended, and, if not 
perfectly consumed, deposits, in addition a portion ot its oari>on 
in the form of dark smoke. 

All smoke that escapes will thus be seen to be a loss of so 
much fuel, and therefore, apart from the nuisance, motives of 
economy point to the need of fully consuming the smoke pro* 
duced in any furnace. 

To perfectly consume a pound of carbon requires 12 cubic feet 
of oxygen gas. In the air, however, this gas is diluted with 
four times its bulk of nitrogen ; 60 cubic feet of air are there- 
fore required to consume 1 lb. of carbon. It is not, however, 
to be supposed that all the oxygen is extracted from the air as 
it pasBOH through the furnace : only a portion is removed, and 
the rest escapes np the chimney, with the products of com- 
bustion. We may, therefore, assume that about 150 cubic feet 
of air should pass into the furnace for each pound of ooal con- 
sumed, the exact quantity varying considerably with the shape 
and construction of the furnace. If too little is admitted, com- 
bustion will be imperfectly carried on, and much smoko will 
accordingly be produced, while the heat obtained will be less 
than that required. On the other hand, too large a supply of 
cold air will materially reduce the temperature, besides carrying 
off a large amount of waste heat up the chimney. 

The usual manner in whioh a powerful dmught is main- 
tained, BO os to ensure a sufficient supply of air, is by means of 
a tall chimney. 

The air having passed through the furnace beoomes intensely 
heated, and accordingly expands. In this way it is rendered 
much lighter than the air around, and ascends the chimney, 
while fresh air rushes through the furnace to supply its place. 
With a stationary furnace sufficient draught can always be 
obtained in this way, and dampers are introduced into the flues 
to reduce it when needful. In locomotives, however, where a 
long chimney is, of oourse, inadmissible, artificial expedients 
are employed to quicken the draught. 

Under ordinary oiroumstanoos, when a fresh supply of fuel is 
thrown into the furnace, the heat at onoe drives off a large 
portion of the carburetted hydrogen, whioh takes with it 
minute particles of dust, and the supply of air is for the time 
insufficient to consume these. Volumes of dense smoke aooord- 
ingly issue from the chimney, and muoh attention has been 
directed to the best mode of avoiding this. Very muoh depends 
upon the manner of feeding the furnace. If a largo supply of 
coal is thrown oarelessly into it, there is sure to bo a large pro- 
duction of smoke. If, on the other hand, the fuel be introduced 
in frequent small supplies, and placed near the furnace-door, 
the smoke produced will have to pass over the intensely-heated 
cinders beyond, and will be entirely consumed ; and this is the 
principle of most of the smoke-oonsuming arrangements at 
present in use. The fuel is introduced in small quantities and 
at frequent intervals, and the smoke is burnt by being oom- 
pellod to pass over the surface of the highly incandescent fuel 
already in the furnace. 

Another plan by whioh smoke may also be reduced is by 
allowing an additional supply of air to enter the furnace and 
pass into the oombustion chamber, whore it mingles with the 
smoke, and aids in its complete combustion. 

The former of these plans is by far the most generally 
adopted, though, of course, there are very many ways in which 
the principle may bo carried into practice. The most important 
thing of all is to procure a careful and intelligent stoker, for 
more, as a general rule, depends on this than on the apparatus 
used. A perfect self-feeding apparatus would be the beat pre- 
ventive of smoko : this, however, has yet to be discovered. 

With an ordinary furnace little smoke will be caused if the 
fire is well managed The fuel, as already stated, should be 
introduced frequently and in small quantities. Before doing 
so, the stoker should open the furnace-doors and posh back a 
portion of the fuel, so os to make a space in front for the fresh 
supply, whioh should be spread evenly on the fire-baiti. It will 
then first become coked — ^that is, the gases will be expelled, 
and, in passing over the rest of the furnace, will be entirely 
consumed. The coke then bums in a clear, smokeless way. 
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Thk pl»n, howeyer* r^nires oogostaiit care and watohCulnesa, 
whioh it is difficult at all times to ensure. 

Some fnmaoes are oonstrueted with a self-feodingf arrange- 
ment. ^e coal employed in these is usually crushed almost 
to dust, or else sm^ coal is employed. It is introduced 
into a hopper ahove the furnace, and a small revolving scoop, 
driven by the engine, constantly and slowly sprinkles the coal 
into it. A slow motion is also imparted to the furnace-bars, so 
that the bumixig fuel is gradually carried to the back of the 

furnace as fresh coal or coal- 
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dust is supplied in front. 

The main drawbacks to this 
system are the somewhat com- 
plicated nature of the mechan- 
ism and the power required to 
drive it, but, despite these, it 
is found in many places to 
answer very well, and to effect 
a saving in cost of fuel. The 
supply of coal is rendered quite 
^ uniform, and all the smoke is 

Fig. 19. oonsumod. Sometimes the fur- 

nace-bars are laid transversely 
and connected to the links of an endless chain, and then made 
to travel slowly along. In other forma they are longitudinal, 
and an oscillating movement is given to the alternate ones at 
the end nearest fumace-door, so that the same effect is 
produced — the coal being slowly moved back in the furnace, and 
the ashes discharged at the farther end. 

Frequently two furnaces are employed, being placed side by 
side, and alternately fed. These are so arranged that the smoko 
from the one passes through the other, and is consumed. But 
we cannot stay even to enumerate the different plans of smoko- 
consuming apparatus that have been tried. There is, however, 
one very ingenious and useful contrivance to which wo must 
just refer. It is known as “ Prideaux’s Self-closing Furnace 
Valve,*' and serves to regulate the supply of air admitted to 
the furnace. The apparatus, which is fitted as a door to tho 
furnace, consists of three series of vertical plates, placed behind 
one another, as shown in plan in Fig. 19. The two outer sets 
arc a little inclined in opposite directions, so as to prevent any 
loss of heat by radiation. Tho air as it enters the furnace 
passes between these plates, and thus keeps tho outer portion 
of them cool, while it becomes itself raised to a very high tem- 
perature, and thus aids more perfectly in carrying on com- 
bustion. In front of these iiartitions is a series of horizontal 
shutters, mounted so as to close somewhat after the manner of 
Venetian blinds (Fig. 20). A weight, c, fixed at tho end of a 
lever, a, doses these. This weight is, however, prevented from 
falling rapidly by means of the cylinder, &, containing water. 
A piston works in this cylinder, and is so arranged that it can 
readily rise to the top, the water in the cylinder passing below 

it. There is, however, only a very 

small return channel for tho water, 
tho size of which can be regulated 
by a set-screw. The piston, there- 
fore, con only fall very slowly, and 
as the weight c is connected to it, 
the shutters likewise close very 
slowly and gradually. Usually the 
apparatus is so adjusted that it 
shall take seven or eight minutes 
for the piston to fall. 

When the fumace-door is opened 
to introduce fresh fuel the piston is raised to the top, and the 
shutters are aooordingly opened and admit a plentiful supply 
of air, which becomes heated on its way, and aids in oonammug 
the smoke produced. As the fuel b^mes coked less air is 
required, and the shutters gradually close, diminishing the 
supply. In this way the supply of air is nicely adjusted to meet 
the requirements of the furnace, while at the same time the air 
that enters is warmed, and consequently does not reduce the 
temperature as it otherwise would. 

Otto arrangements have been suggested fof the purpose of 
^Tsrming the air by means of the waste heat, ere it is flowed 
to enter the furnace, but these have not been at all generally 
adopted. 

The student will now have acquired a general aequointance 



with the details of oonstmetion of the boiler^and ita appendages^ 
and we can, therefore, pass on to inquke into the mechanism of 
the engine itself, and the different forms given to it. Before 
doing BO, however, it will be useful to append a table, showing 
tho temperature of steam at any given pressure. Under tho 
ordinary pressure of the air water boUs at 212^, and the tm- 
porature of the steam never exceeds this. When, however, we 
have a closed vessel like a boiler, and allow the pressure to 
become greater than that of the air, we find the temperature 
rises, and the ratio of this increase will at once be seen by 
reference to the table. 


Tempera- 

Pressure. 

Tempera- 

1 Pressure. 

ture. 

Atmospheres. ( Pounds. 

ture. 

Atmospheres. { 

1 Pounds. 

212» 

1 15 

293*7 

4 

60 

231 

221 

307-5 

5 

75 

250*5 

3' 30 

320*4 

6 

90 

263*8 

37i 

358*9 

10 

150 

285 

3 45 

418*5 

20 

300 
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PEIMARY BATTERIES. 

Class III. — leclanch£ cell {dontinued). 

The Leclanoh^ cell is so extensively used for the purpose of 
supplying the energy necessary to ring bolls, and electric bells 
have come into such general use, that it may be advisable to 
dwell longer on this cell than its importance from a scientific 
point of view might seem to warrant. 

The aliment is a strong solution of sal ammoniac, or chloride 
of ammonium, which is a compound of nitrogen, hydrogen, and 
chlorine. The chlorine unites with the zinc and forms chloride 
of zinc, while tho nitrogen and hydrogen unite with the oxygen 
given off from the mangranese dioxide to form ammonia and 
water. As long as this action continnes in the cell, polarisation 
is prevented, and the e.m.p. is not lowered ; but as tho oxygen 
is only slowly given off from the manganese dioxide, tho hydro- 
gen ultimately is deposited on the carbon, and polarisation 
begins. The manganese dicxide (MnO:^), on parting with a 
portion of its oxygen, becomes reduced to manganese sesqui- 
oxide (Mn 203 ). 

The chemical reaction may be thus expressed : — 

Before passing tho current : 


Zn + 2(NHjCl) 

Zino Sal ammoniac 

After passing the current : 

ZnCL 4- 2(NH3) UX 


2(MnOa) -f C 
Mangancue dioxide Carbon 


ZnCL 4- 2(NH3) 4- H^O I MnaOa + C 

Chloride of tine Ammonia Water | Manganeee eeativioxide Carbon 

Or it may bo expressed in words by saying that zino unites 
with sal ammoniac to form chloride of zino, and ammonidm is 
set free ; this ammonium unites with the oxygren oi the man- 
ganese dioxide to form ammonia and water; the manganese 
dioxide is reduced to mangranose sesquioxide, and the carbon 
plate remains in its original state, free from hydrogen. 

If the original solution of sal ammoniac he not sufficiently 
strong, insoluble oxide of zinc is formed instead of chloride of 
zino, and the solution assumes a ohalky appearanoe, but this 
may be prevented by adding some sal amnumiao to the solution. 
When this cell is supplying a current, ammoxda is given off 
from it, which attacks and corrodes the oonneotiiig wires if they 
are left unprotected. In order to avoid *his they must be 
covered with tar, guttapercha, Ohatterton's compound, or some 
such substance. 

Ohatterton’s compound is so extensively used in all electrical 
work that it may bo well to mention its composition, which is 
as follows ; — 


Qutta-peroha 
Resin • 
9tockhdlin tar 


y By weight. 
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In order to make oonneotion with the carbon plate, a lead 
cap, into which a brass terminal can be eorewed, is need. The 
np^r portion of the carbon plate ii first placed in paraffin wax 
at a temperature of llO** C. ; a couple of holes are then drilled 
through it, and the lead cast on in the shape shown in Fig. 18, 
p. 218. If the carbon had not been soaked in paraffin, lead 
salts would form at the junction of the lead and carbon, which 
would at first introduce a high resistance, and finally destroy 
the connectiott between the terminal and the carbon. 

There is scarcely any waste of materials in this cell when it 
is not in actual use. 

BIOHROHATID CELL. 

This cell is usually made up as shown in Fig. 20. K K are 
two carbon plates which form the negative element, and are 
in metallic connection with one of the 
brass binding screws on the ebonite 
cap of the glass fiask. z is a zinc 
plate forming the positive element, and 
is attached to a brass rod, a, which 
can slide up and down through a brass 
collar, so that the zinc plate can bo 
withdrawn from the liquid when desired. 
The solution is made of bichromate of 
potash, sulphurio acid, and water, in the 
following proportions : — 

Bichromate of potash * ^ ) By 
Concentrated sulphuric acid 2 . v* 

Water - - - 12 

The bichromate of potash is in the form 
of orystals, which should be powdered 
and gradually added to the sulphuric 
acid, and well stirred. This mixture 
should be allowed to rest for some 
Fig. 20. —THE time, and the water then added. 
BOTTLE BicHBOHATE. The addition of the water heats the 
mixture, and the operation should be 
conducted slowly. When the solution has become quite oold 
it may be placed in the fiask, and the cell will then be ready 
for use. 

The ohemioal reaction which then takes place can be thus 
expressed : — 

Before passing the current : 

8Zn -f fiHaSO^ + 2Cr08 + 0 

Zinc Sulphurio acid Ohromicocid Carhon 

After passing the current : 

|P8ZnS04 -f 6H2O + Cr23(S04) + C 

Sulphate of tino Water Chi'omium eulphate Carhon 

When this cell is required for use and the zino lowered nto 
tlie solution, the above-desoribed action takes place ; but even 
when a current is not being drawn 
from it, the zino is violently at- 
tacked by the ohromio acid and 
quickly burnt away. To prevent 
this action, the zino must be raised 
out of the liquid when the cell is 
not in use. This oell has a high 
S.M.F. — about 2 volts — and an ex- 
tremely low internal resistance; 
the conseqnenoe being that it can 
supply a strong current, but only 
for a short time. If allowed to 
rest for a few minutes it quickly 
recovers itself, and is as good as 
before. It gives off no noxious 
fumes, and is very oompoot; and 
though it is admirably adapted for 
some special kinds of work, such 
as giving a strong current for a 
short time for meffioal purposes, it 
possesses the one fatal fault that the zino cannot be allowed 
to rest in the solution when not in action, and this fault prao- 
tioally disqualifies it from coming into general use. 

A modification of this oell, due to Fuller, is free from the 
fault just described, and is largely used both in telegraphy and 



Fig. 21. — fijllee’s 

BICUBOXATE OELL. 



in general eleotrioal work. Fig. 21 shows one form in whidh 
it is made up. 

The constituents and ohemioal reactions are the same as in 
the bottle l^e, bat the form of oell is different. The outer 
vessel contains the carbon plate, a, and the bichromate* solu- 
tion ; the porous pot contains the zino, z, immersed in water or 
in very dilate sulphuric acid. A little merouty is also added, 
so as to keep the zino thoroughly and permanently amalga- 
mated. Its E.H.v. is the same as that of the bottle type, but 
its resistance is much higher. It does not readily become 
polarised, and the zinc, not being in contact with the bichro- 
mate solution, can remain in the cell without injury for a con- 
siderable time. The solution is of a rich orange colour, and as 
long as it retains this ooLonr it is in good condition, but as 



Fig. 22.— Bunsen's bichromate battery. 


soon as it begins to assume a bluish tint the bichromate is 
becoming exhausted. When this ooonrs the solution must 
either be ohanged, or a portion of it withdrawn and a fresh 
supply of the above-mentioned oonstituents added. 

Where a powerful current for only a short time is required, 
Bunsen's bichromate battery is very convenient. 

It oonsiats of a number of cells of the bottle type, with a 
convenient arrangement for raising and lowering the elements. 
The details of construction can be clearly seen from Fig. 22. 
It possesses all the advantages, as well as the disadvantages, of 
the bottle form of biobromate ; and though it may be useful in 
exceptional oases for giving large ourrents, still, as a oommer- 
oial battery, it is too wasteful to be a suooess. 

A good primary battery should fulfil as many as possible of 
the following conditions : — 

1. Its electromotive force should be high and oonstant. 

2. Its internal resistanoe should be low and oonstant. 

3. It should be free from polarisation. 

4. There should be no consumption of materials when the 
cell is not in use. 


POETEPICATIOK 


5. The materiak ahonld be inexpensive and durable, and the 
oell ahonld not require frequent renewals of either the aliment 
or depolarising agent. 

6. It should not emit either noxious or corrosive fumes. 

No one battery possesses all these qualifloations, though 
many ]K>sBeBB several of them in a very marked degree* For 
any particular class of work it will always be found that one 
type of battery is more suitable than any other, which is a 
necessary consequence of the fact that our ideal perfect battery 
has not yet been oonstruoted. 

i • — . 

FORTIFICATION.— V. 

ST AST OrXIOBB OF THB BOTAL BNOIKSIBS. 

CLOSED WORKS. 

*rBB points to be attended to in the design of fortifications have 
already been alluded to ; but, in order to understand the relative 
merits or defects of 'Uie various forma of closed works usually 
met with, it wUl be best to consider in detail each of these 
primary conditions, and to omit from present consideration all 
permanent forts or fortresses. 

These latter are in themselves closed worhst but are generally 
on snoh a large scale that they may with advantage be studied 
separately, as embodying the most approved theories of defence 
held by *^0 military engineers of a particular nation or period. 

Conditions to he fuyilled hy Closed Field-works. — In arranging 
the design of a closed work it will be necessary to determine — 

1. The size necessary for the accommodation of any given 
force. 

2. The shape that will bo best adapted to the poouliarities of 
the ground, and to the special defensive objects in view. 

3. The modifications of the trace that will bo required to 
ensure a reciprocal defence between the various parts of the 
work. 

Size. — Tho size of a work depends not mejrely on the number of 
men and guns actually required for its defence at any particular 
moment, but also on whether the defence is intended to last for 
any length of time, and whether the garrisoU ore to ho entirely 
restricted to tho possession of their works. 

In the latter case, provision must be made for the fighting 
space necessary for ihe men, guns, and the magazines, etc., 
belonging to them ; and there must also bo sufficient room in 
the interior of tho work either for an encampment, or for the 
construction of buildings to serve as barracks. 

It rarely happens that field-works are so completely isolated 
as to require accommodation of this kind for more than a small 
portion of their garrison, and tho length of the sides or faces of 
A work is, therefore, usnally calculated on the space required for 
the defence itself. 

For this purpose it is usual to allow 1 yard lineal of parapet 
per man, if it is to be defended by single rank, or per file (two 
men) if double rank are to be employed. A field-gun firing 
at right angles to a face requires a space of 5 yards lineal to 
work in ; and when a gun is placed at an angle, provided the 
angle is not very acute, 5 yards on either side of. it must be 
allowed. 

Under most circumstanoes, when the works are of moderately 
regular shape, the above rule wUl give ample interior space ; 
but should the shape of the ground necessitate the interior 
space being mneh «oramped, it must be remembered that, 
exclusive of the space occupied hy traverBos, slopes, etc., a 
minimum of 15 sup^oial feet per man and 600 superficial feet 
per field-gun is requisite. 

The dimensions of the traverses must vary with the oiroum- 
stanoes of each case. On faces liable to enfilade or reverse 
fire they must be of considerable thickness, to intercept the 
enemy’s projectiles ; whereas when they are only intended to 
protect from the spUnters of shells bursting in tiie work, they 
need not exceed 6 or 8 feet in thickness. 

In addition to the number of troops required for the primary 
defence of the parapet, a reserve should invariably be allowed 
for, who should be kept under cover close at hand, to replace 
casualties, and vepel any temporary sneoess that may be gained 
by the assaulting columns of the enemy. 

It may often be necessary to determine the requisite garrison 
for a work already existixig; in which case, deduct from the 


total length of crest-line the space occupied by the guns and 
each face, and estimate for the remaining parapet as if to be 
defended by doable rank. The number so obtained will be the 
total infantry garrison, to which the requisite number of gunnera 
for the service of the artillery must be added. 

Occasionally it may be necessary to construot dosed field- 
works nea»r the coast, containing batteries, where the heaviest 
artillery are to be employed; under these oiroumstanoes the 
dimensions already given must be largely exceeded. As muoh 
as 20 feet lineal of parapet is required for worldng a heavy gun 
with a lateral range of 60^. 

Those guns must be placed at intervals of 46 or 50 feet, and 
a traverse provided for every pair of guns; in addition to which 
an ample allowance must be made for the space occupied by the 
magazines, shell-filling rooms, and other adjuncts necessary for 
the service of modem heavy ordnance. 

Closed field-works have, on different occasions, been constructed 
of very varied sizes, as will be seen from the following extract 
from a memorandum of Sir J. Jones on the celebrated lines of 
detached works thrown up at Torres Vedraa, by order of the 
Duke of Wellington: — “The redoubts were made of every 
capacity, from that which — limited by want of space — ^was ocou- 
pM by 50 men and 2 pieces of artillery, to another which was 
occupied by 500 men and 6 guns.” 

It may, however, be safely affirmed that all snpdl dlosod works 
are bad, and are incapable of maintaining a prolonged resistance 
to the powerful shell-fire of rifled artillery, unless a greater 
amount of protoctiou is provided than is usually possible to 
obtain in tlie field. 

Not only does tho fire directed against one side of the work 
necessarily take in reverse the opposite faces, and thus neces- 
sitate such a number of traverses as to seriously cramp the 
interior space, but the garrison, being crowded into a small 
area, must suffer fearfully from the effects of shellfi bursting 
among thorn. 

The small redoubts which defended the Danish position of 
Diippel, in 1864 (Fig. 35), are examples of this, for it appears 
{vide “Austrian Military Journal,” 1864) that on that occasion the 
fire of the Prussian artilleiy rendered the interior of the works so 
untenable that, at length, in order to obtain more cover, the 
troops were, to a groat extent, temporarily withdrawn from 
them to a more secure position . a short distance in rear, and 
that one redoubt (No. 5) was stormed by the Prussian troops 
before the Danes could re-enter their own work. 

Shape to suit the ground. — Tho object of a work may be 
either that of occupying a particular site, so as to thoroughly 
defend the approaches to it; or else — although capable of 
resisting attack on any side — it may be specially designed to 
bring a heavy fire to bear in certain directions only, its own 
front being protected by the fire of some collateral works. In 
the former case the outiine or trace must adapt itself closely 
to the contour of the ground, while in the latter the longest 
lines of parapet must be those firing in the required direction, 
irrespective of whether the best possible close defence is thereby 
attained. 

Care must be taken in all oases that tho main lines are, if 
possible, so traced as to be secure from enfilade. 

The combination of these principles is by no means easy 
when the ground to bo oooupiod is irregular, and when there 
are commanding points within range which may be seized by 
the enemy; tho result being usually a compromise between 
what is theoretically perfect and what is defective but prac- 
ticable. 

As soon as a general idea of thq outline of a work has been 
decided on so as to carry out the required objects, it then 
becomes necessary to fit the plan to the ground, so that aU the 
approaches may be thoroughly defended by the fire from the 
work. In doing this it will often bei. necessary td modify both 
the plan and profile previously determined on. 

There are certain limits, depending on the slope of the ground, 
within which iihe crest-line may be advanced or retired from the 
top or crest contour of a hill without sacrificing the power of 
efficiently defending the ^opes. As will be seen from Fig. 36, 
the greatest distance to which it can be retired from the crest 
will be that which causes the line of fire to graze the slope of 
the hill, while the minimum distance will be that which allows 
of the fire passing at such a height above it (3 feet) as shall 
render it impossible for a body of men to advance imseem In 
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this akeidh it is, of course, assumed that the parapets are uf 1 parapet called eurfotne. The oomhiuatUm aay two baationa 
the same heiisrht. ; and a curtain is termed a hastione^ front s and when a baationed 

Any farther deviation from the crest-line of the hill will in- front is traced on each side of the pc^ygon or imaginary 
toIto an alteration of height for the profile, unless it happens figure containing the work, it is called a h<i 9 tioned fort. In a 
that the ground is so steep that, with a small amount of labour, properfy-construoted bastion fort, when ^ere has been suflQ- 
it can be scarped or rendered inaccessible, in which case defence dent to complete the neoeswily wide ditches, the xeci- 
by direct fire is not wanted, and the distant flank fire of another procal defence of ^e various parts of the work is good ; but, 
work will suffice. on the other hand, the bastions are liable to enfilade and 

Flanhmg JO^ence*^l!he provision of a really fonnidable flank- reverse fire, and the length of parapet to be constructed and 
ing defence in fidd>works is always a problem difficult to solve manned is so very considerable ihat the interior space would be 
satisfactorily. Their ditches are usually no narrow, and the time too much cramped to render this trace advisable for any but 

large and important positions. To ensure 
effldent flank defence, without risk of the 
fire from the flanks striking the defenders 
of the opposite bastions, care must be taken 
that the angles of defence are never less 
than 90®. 

It has been found advisable to fix on 
oertain proportions between the various lines 
of construction, in order to get the best 
defence possible; and as these proportions 
are dependent on the size of the polygon on 
which the fronts are designed, it may be well 
to state in order the operations necessary 
to enable a student to dmw the trace of a 
bastioned front (Fig. 89). 


necessary for crossing them so short, that it is 
very desirable the flanking fire on the attack- 
ing troops should cover the ground in advance 
of the counterscarps as well as the ditch 
itself. To do this, the fire must proceed 
from the parapet, and an arrangement of 
trace becomes necessary that has many 
serious defects. The necessarily increased 
length of parapet involves more labour, and 
some of the £wso& become unavoidably liable 
to enfilade. 

Works in which the fire from the parapets 
of the flanks defends the ditch arc called 
forts ; and those in which there is no flank 
dofezice, or where the ditches are flanked by 



. Fig. 35. — REDOUBT AT DUPPEL. 



buildings in them, are 
termed redoubts. 

Forts are not so 
generally applicable to 
irregular sites as re- 
douhtSf and require 
more time for their 
construction. There 
are two types of fort 
of regular form, viz., 
the star fort and the 
hasiimedfortf although 
a modification of the 
latter is sometimes 
employed, called the 
demi-bastioned trace. 

This only partially at- 
tains the advantages 
of the bastioned sys- 
tem, as regards fla^ defence (Kg. 40). In order to obtain 
flank defence, the parapets of a star fort are traced so as to 
form a number of salient and re-entering angles, thus giving a 
star-shaped outline (Kg. 37). 

Star forts have many defects, of which the following are the 
chief. The length of parapet is ezoessive, in proportion to the 
area they enclose. All the faces are likble to e nfil a d e* wd 
reverse fire, and a portion of each ditch near the re-entering 
angle is necessarily unseen, and therefore undefended by the fire 
from the parapets (Fig. 88). The amount of this undefended 
space in the ditoh, or ^ad ground^ as it is called, is estimated 
by multiplying the relief of the flank by the inclination of the 
l^e of irot and is measured on plan from the crest-line, in the 
direction of the ditch. 

A laation is aluaetle ooxmaoUd. with other weeks by Imes of 


1. Bisect the exte- 
rior side by a perpen- 
dicular Une drawn in- 
wards ; and make this 
line |, j, or | of tho 
exterior, if the polygon 
of construction is a 
square, pentagon, or 
any larger figure. 

2. Join the end (e) of 
the perpendionlar with 
the angles of the poly- 
gon, and produce these 
linos inwards. These 
are called tho Hues of 
difence, 

3. Set off on each 
line of defence a die- 
tanoe equal to of the 

exterior side, measured from the angle of the polygon. This 
will give the faces of the bastions (a b). 

4. From the ends of the bastion faces draw ikofianles, making 
angles of 95® with the opposite lines of defence (b c). 

5. From the points at which the flanks out the lines of de- 
fence, draw a straight line connecting the inner extremities of 
the flemks. This will be the curtain (o d). 

In order that the whole fire from one flank may defend those ^ 
parts of the ditch unseen by the other, it is necessary that the 
lines of fire should cross at the centre of the ourtain, and that 
the line of the oonniersoarp should not be traced parallel to 
-^e escarp, but be direoted on to the shoulder angles of the 
bastions. As will be seen in the sketch (Fig. 40), this latter 
arrangement increases the width of the dit^ oonsideralfiyi and 
consequently involves mnsh tiine and labour to execute. 



ANIMAL COMMERCIAL PRODUCTS. 289 


ANIMAL COMMERCIAL PRODUCTS.— XII. 

PBODXJOTS OP THS CLASS PXSCPS ioontinued), 

THB COB (cmtinued). 

It la the great quoAti^ of ood and its allied kinds, kad- 
dook (jSforrktta ^Ufinus), task {Browms vulgaHa), and ling 
(Lotus mola)j wkic^ gi^os to these dsh their chief mercantile 
im|>ortanoe. In 1854^ 8,528,269 individual fish of the ood and 
ling kind were oanght, of which 1,885,699 were from the Orkney 
and Shetland Islands, and the remainder from the other fish* 


coasts, and^ in season from May to November. The principal 
fishing stations are on the soui^ coast, from Sussex to Bovon- 
shire, esj^ially at Brixham and Torbay. Plates, i^unders, 
dahs^ haUhutt, etc., are all in great request, but need only be 
mentioned here. 

Lampbbt (Petronvyzon worinus).— An eel-like cartilaginous 
fish, having a funnel-shaped month, surrounded by a oironlar 
snotorial lip, by means of which it adheres to stones (Greek, 
petron, a rock ; and muso, I suck) and to the bodies of those 
fish on which it feeds. Formerly the lamprey was considered a 


The total 
amount of ood, 
ling, and had- 
dock taken by 
the fishermen 
of the United 
Kingdom every 
year varies, but 
is always enor- 
mous. Vast 
qnanUties of 
idle fishes are 
dried and cured, 
and oommaid 
a steady sale. 



and one of our . 
kings (Henry I.) 
is said to havo 
died in conso- 
qoeuce of eating 
too freely of it. 
Although not 
so much in 
demand now, 
great numbers 
are still fur- 
nished from the 
North Sea, the 
Baltic, and the 
German rivers, 
where they 


The greatest ood fishery^inthe world is on the banks of New- j abound. Lampreys reach this country packed in jars with 
foundland. These banks are based on a large rooky shoal about ' vinegar, spices, and bay leaves. 


800 miles in length and 200 in breadth, being, in fact, the top 
of a vast submarine plateau, over which the ocean rolls. This 


Common Stuuobon (Acipenser sturio) belongs to the grroup 
of oartilagmouB fishes. The body is elongated, spindlo-fonn, 


place is a great rendeavous for cod, which resort there to feed and usually from five to six feet in length ; the head, which is 
on the worms, which are plentiful in these sandy bottoms, and depressed and prodnood into a triangular snout, is covered with 
on account of its vicinity to the polar seas, whither they return rows of large tubercular bony plates. The sturgeon is abun- 
to spawn. The ood are found hero in such numbers that dant in the seas of Northern Europe, also in the Caspian, the 
although maritime nations have for centuries worked mdefati- Black Sea, and the Mediterranean, ascending the rivers in great 
gably at these fisheries, not the slightest perceptible diminution numbers to spawn. 


of their abundance has ever been noticed. As long ago as 1676 a Caviare, which forms an important article of commerce, con* 
ood merchant organised a fleet, and setting out to Newfoundland sists of the roe of different species of this fish, cleaned, washed 
captured cod to vinegar, 

^386 4^0^ Th V-:-. salted, dried, 

AmerioMS &t ■ “oase'd inTo 

AnttbeirTeaaela o, 

■ohiefly at packed in kega. 

ton, and thus Bussian caviare 

from theii Vi- —brought from 

cinity to tbeao -vr- ^ - the Caspian and 

fiahing-grounda Blaok Seas— ia 

poBBeas a great asually oonai. 

advantage over acred the beat, 

the Enghsh. Much caviare is 

Immense qua.- jz also prepared 

tities of ood are on the ahorea 

cent by Eng- of the Lower 

Danube. That 

and Holland, fnniiahod by 

P<»tly salted the sterlet 

and dried, to (Acipenser rU’> 

Southern Eu* thenvs) is so 

rope, chiefly for gaperior that, 

consumption aooording to 

dunngUntand Cuvier, it is ro- 

other fasts of served for the 

the Bomau Ca- tloundsii, sqlb, and pxaicx. imperial court 

tholio Church. ofEussia. 

Tm}^t (Rh^rnhusmaacimits ). — Taken on oU our ooMts. The | Isinglass, another product from these fish, is prepared from 
English ma^ets, however, we supplied chiefly with Butch thoir air-bl^ders. ^is substance owes its oommeroial value 
turpot, which m profeired ; ^ese are caught on the sand-banks to its extremely delicate fibres, which operate mechsmcally in 
^^glietween Holland and the eastern coast of England. The the clarification of white wines and malt liquors. It is also 
annum for supidying the London auch employed in cookery, Bussian isinglass is preferred to 
Norwegians ^615,000 for about that from Hungary and Germany. 

1,W)0,000 Norwegian lobeters, used partiy as sauce for turbot. 

SoLB (8oUa tn^aris).— The sole is common on the British PBODUCTS OF THB BUB-KIKGBOM MOLLUSCA. 

“rr”* '• ■-• Mollusoa (Latin, molUs, soft). — Soft-bodied, invertebrated 

J™ • >wo«*«afe of the Fishing Indottries of this and other animids, devoid of an internal bony skeleton, having a gongli- 


wwatodsi, the leader is referred to ** The Fisheries of the World,** 
. Whymper (CsMeU A Co., Idmited). 

"9— N.B, 


ated nervous system, the ganglia, or knots of nervous matter, 
being irregularly dispersed in different parts of the body. They 


m 
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have a distinot pulmonary or branchial circulation, white or 
bluiah blood, and in moet cases a shell covering, in which the 
resides. This is secreted by the margin of a ];>ecmliar 
organ termed the mantle, or an external fold of the skin re- 
fleeted over the body. Many of the lowest and some of the 
highest of the MoUusca are naked, or a homy and testaoeous 
rudiment of a shell is developed, but remains concealed beneath 
the substance of the mantle. When, however, the shell is so 
much enlarged that the contracted animal finds shelter within 
or beneath it, then the mollusk is termed testaceous (Latin, 
testa, a shell). Wo shall confine our notes to the testaceous 
MbUnsoa, as commercially they are the most valuable. The 
following are the chief classes of the Mollusoa 

1. Cephalopodat or head-fooUd (Greek, kephdle, head, andixms, 
a foot), having the head well develop^, protruding from the 
mantle, and furnished with tentaoula, serving for the seizure of 
food and for crawling. Examples : nautilns and onttle-fish. 

2. Ocbsteropodaf or belly •footed (Greek, gaeter^ the belly, etc.), 
crawling by means of a bro^ muscular disc on the lower surface 
of the body, which serves as a substituto for legs. Examples : 
Helix hortensiSf the garden snail ; Limncea stagnalie, the pond 
snail ; and Limax agrestie^ the field slug. 

3. Pieropoda^ or loi^ig-footed (Greek, pterm, a wing, etc.), 
oomprehezi^ng a few molluska which have a natatory wing-like 
expansion on each side of the head. They arc naked, or pro- 
vided with a delicate univalved shell. Example : Clio borealis. 
Host of the spooica of the class Pteropoda are foBsil, but a 
great many are still found in existing seas, living near tbo 
surface. 

The Clio borealis forms the food of the whalebone whale. It 
is an inch long, uses its light shell as a boat, its wing-like fins 
as oars, and so navigates, in countless numbers, the tranquil 
surface of the Arctic seas. 

4. Conchiferat or ahelUcarHers (Latin, concha, a shell, and 
Zero, I carry), including all the bivalved mollusks not Brachio- 
•podis. Examples : oyster, mussel, and pearl oyster. 

6. Brachiopoda, or a/rm-fooled (Greek, hrachion, an arm, etc.). 
— Bivalves devoid of locomotive power, and attaching themselves 
to foreign bodies : they are furnished with two long ciliated 
arms developed from the sides of the mouth, which, by producing 
currents, bring food to the animal. Examples : Terehratula 
and Lingula. 

APPLIED MECHANICS.~YII. 

m SIR ROBERT 8TAWBLL BALL, M.A., LL.D., 
Astronomor-Royal for Ireland. 

MACHINERY USED IN AGRICULTURE. 

MHOHANIOAL APPLIANCES USED IN PREPARING THE BOIL 
— SIACHINEB USED FOR SOWING — MACHINES USED IN 
REAPINO. 

The application of machinery to the different branches of 
ogrioulture is of oonsiderablo antiquity. Not to tnention the 
simple implements such as spades, rakes, etc., more oomplicated 
machines have been in use since the earliest times. A form of 
plough which was used by the ancient Bomans is stills employed 
in parts of Franco and Italy. The ploughs with which wc ore 
famiHar are, in fact, to a certain extent on the type of the 
ancient instrument, but have received from time to time im- 
provements which the experience of successive generations of 
cultivators of the soil has suggested. The Bomans were also 
aooustomed to irrigate their land by artificial means when cir- 
cumstances were suitable, and this process is still recognised 
as one of the most scientific applications of capital to agri- 
culture. In this lossoi;, however, we propose rateer to sketch 
tee present condition of agricultural maohinezy than to trace 
ite history in suooessive ages. There are other applications of 
soienoe to agriculture besides those which relate to tee em- 
ployment of macMnery; notably among these is the service 
rendered by chemistry in the analysis of soils and manures : 
with such matters wo have nothing to do. This lesson is 
mtended to des<^be tee mechanioal appliances emifloyed, first, 
in tee preparation of the soil ; socon^y, in the putting in of 
tee qrop ; anA thirdly, in the gathering of the orop. Those 
who wite to pursue the subject further will find a considerable 
amount of information in Donaldson’s ’‘British Agrionlture,*’ a 


work to which I must acknowledge my obligaticins m the pre^ 
paration of the present lesson. 

MECHANICAL APPLIANCES USED IN PREPARING THE SOIL. 

Land may suffer on the one hand from an excess of water, 
on the other hand from a deficiency in that fertilising liquid ; in 
either case mechanical applianots must be resorted to as a 
remedy. In the one case wo must by drsinago endeavour to 
remove the superfluity, in the other ease by irrigation we can 
supply the water which is necessary. There is no occasion, 
however, to do more than mention teese important operations 
here, as the various methods employed for carrying off surplus 
water from the soil by artificial means, and distributing ferti- 
lising currents over parched gri^ss-landiB, are fully described in 
tee lessons in Agricultural Drainage and Irrigation ” given in 
this work. 

Drainage and irrigation are most ueoeasary mechanical opera- 
tions in tee treatzn^t of the soil prior to its being actually 
broken up for the purposes of tiUa^. To this important subject 
wo now proceed. The earth is a VSry weighty material, and 
the labour teat is expended upon breaking it up consists in 
great part of the actual exertion of raising its weight through a 
small height and replacing it again. Thus the soil that covers 
an acre to the depth of four inches weighs from 600 to VOO 
tons, and if in the process of breaking np this mass has to be 
raised oven to the height of a few inches and replaced again, 
the consumption of work is very considerable. But in addition 
to the mere weight of the soil, there is its tenacity also to be 
ovoroomo. It is probable teat in many soils, if not in most, 
the force requisite to overcome this exceeds that which is due 
to the weight of the soil alone. Thus in digging a garden with 
a spado, though the sharp edge of the spade divides the soil, 
yet the mass that is being removed has to be tom away from 
the lateral portions, and in tenacious soils, as every one knows, 
this resistance is very great. A spado is, in fact, a powerful 
lever of the first order. The power is applied by the hands at 
one end, the fulcrum is the upper portion of the spade where it 
is in contact with the surface of the soil, and the load is the 
mass of earth which is being removed. The leverage in such an 
implement is at least sevenfold or eightfold, and even with this 
mechanical advantage the operation of digging is one of great 
labour. 

Ou the large scale, the use of the spade is, of course, re- 
placed by tee plough. We here abandon the principle of the 
lever as a mechanioal power, but we replace it by the wedge 
which we have already described. In realily the ploughshare 
I is a wedge which inserts itself into the soil, and overcomes both 
I tee resistance of the weight of the soil and also that presented 
by its tenacity. 

It will be well to mention the names which are applied 
technically to,f(the different portions of a plough. Wo shall 
I then consider tee principles on which tee action of the plough 
: depends. The bottom of tee plough is called the sole ; to the 
point of this is fixed the share ; the beam projects in tee front 
of the plough, and to it tee oxen or horses are attached. 
Attached to the beam in a vertical position is tee coulter; 
this outs a vertical section in tee ground ; while the point of 
the shore, expanding into a fin, outs a horizontal shoe fmm the 
ground under it. The mould^boa/rd is placed behind the fin, 
and servos to raise up and remove tee slice which has been 
out by tee coulter and share. These different portions of a 
plough will be seen from the Illustration of a very improved 
form of plough (Fig. 3). 

The action of the plough is therefore threefold. First, the 
vertical out by the coulter, then the horizontal out by the share, 
and, finally, the turning over of tee portion thus out ' by the 
mould-board. Experience has done more in devising the form 
of the plough than direct application of science. Thie actual 
problem of finding the best possible form of plough would be 
a very difficult one, even if the conditions of the question 
were known ; but owing to the varyiiig conditions of soil, it is 
almost impossible to devise any very rigorous statemept of the 
problem which the best eonstruotidn of a plough would involve. 
We shall, however, give a short account of what is known as 
to the principles on which the plough acts. The accompanying 
figure (Fig. 1) is taken from tee ** En^sh Oydopasdia,” in whioih 
an exoell^t aoeount of the theory of tee plough will be foimd. 
Let A B D 0 represent the tiioo of ground which is being re- 
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SDOTed by the plough ; A o is the Tertioal oat which is made 
by the ooolter ; 0 D the horisotitBl oat which is mni^A by the 
sWe. The object of plooghiog is to turn this sod up to the 
Terti^ position, it o ah, and then to tilt it over to the inclined 
position, d* a' c\ so that the original surface, a b, is changed 
into the under , surface, a' 6^* the object of this is to kill the 
weeds or grass that ipay be on the 
surface by burying them, and at 
the same time to expose as much 
of the soil as possible to the action 
of the atmosphere. The problem, 
then, which the mould-board has 
to solve, is to efieot this operation 
as uniformly and with as little 
waste of power as possible. This 
condition points out that the sur- 
face of the mould-board must be 
that of a screw, which might be 
produced by a line nine or ten 
inches long, whioh revolved uni- 
formly about an axis through an 

angle of 135*^, while at the same time it travelled along the 
axis through a space of three or four feet. 

The portions of a plough are now generally made of cast- 
iron, and a very beautiful property of cast-iron is made use of 
in the point of the share. It ia well known that cast-iron when 
poured into an iron mould beoomes intensely hard. It is called 
chilled iron, and 
is used where or- 
dinary cast-iron 
would be too soft. 

In casting the 
share, the lower 
surface of its point 
is in contact with 
iron ; the conse- 
quence ia that the 
under surface of 
the shore is of 
ohiUed iron, while 
the upper surface 
isof ordinary cast- 
iron. The effect 
ia that the upper 
part of the point 
ia worn away more 
rapidly than the 
under surface, and 
consequently the 
share always pre- 
sents a sharp " Fig. 2. 

edge. The aotucd 

draught required in drawing a plough is very variable; but 
it may, on the average, be taken at about three hundred- 
weight. This point is oarefnlly attended to in comparative 
estimates of the merits of different forms of plough. It is 
asoer^ned by attaohing a dynamometer to the plough, and 
appljdng the power of the horses to the dynamomet^. 

It is usual now to employ, 
when the oironmstanoos will 
admit of it, steam power for 
drawing ploughs, in place of 
the muBonlar power of ani- 
mals. To render this plan 
capable of eoonomioal adop- 
tion, a large area must re- 
quire to be ploughed, and 
land should be tokmbly 
level. The steam-engine 




whioh gives motion to the 
ploughs is in one oomer of 
the field, its power is ooinximxiioated by means of wire 
ropes, w^h passing over pnUeys pEroperly attached at the 
maa^|m of the field, are fastened to the ploughs. One eup ne 
IS 1^8 enabled to work several ploughs simultaneously. 

The next opemtiou to which fixe land is subjected is that of 
twttow^. Tto is of a very simple character; it consists 
meteiy m drawing a frame covered with spikes over the newly- 


ploughed fields, for the purpose of breaking up the clods which 
the plough has turned up. Nothing farther 'need be said of 
this process. 

MAOHINBS TJHSD FOB SOWING. 

In Bowing, it is desirable that the aced be distributed with 
regularity over the surface, and in the quantity whioh expe- 
rience has found moat desiiBble 
for each kind of seed. It is also 
necessary that the seed be depo- 
sited at precisely that depth in 
the soil at whioh it will be most 
favourably oircumstanoed for ger- 
mination. Now machinery, by the 
regularity and certainty of its 
action, is eminently adapted for 
the purpose of placing seed at the 
right depth and in proper qnantily. 
It is not, therefore, merely as a 
labour-saving agent that sowing 
machines are useful ; they accom- 
plish the work with a perfection 
that it is not possible for labour unassisted by their means 
to attain. It is fonnd that seeds sown in drills yield a crop 
more economically than when the seeds are sown broadcast. 
The machines whioh are employed in sowing are therefore 
adapted for depositing the seed in drills. These machines are 
themselves technically called drills, in consequence of the object 

for whioh they ore 
employed. In 
Fig. 2 is shown 
what is called the 
N or thumWland 
turnip drill, used, 
as its name ox- 
presses, for sow- 
ing turnip seed. 
It is a very perfect 
instrument of its 
kind, and a de- 
scription of it wUl 
embrace the prin- 
cipal features of 
all the better ma- 
chines of this 
class. We have 
borrowed this 
figure, and the ac- 
companying de- 
scription of it, 
from the “English 
Cy olopffldia.” 
This machine 

adapted to introduce ground bones, or other manure of the 
same olass, into the ground simultaneously with the seed. 
“ The body of the drill consists of two boxes, a and b, divided 
by a partition between them, and each again divided into two 
by another partition at right angles to the first. Into the box 
A is pat the manure, into B the seed. Iron slides are fixed on 

each compartment to regu- 
late the supply of seed or 
manure. In the lower part 
of the box, and just b^ore 
the opening, whioh is regu- 
lated by the slides, are two 
cylinders, one fot the box A, 
and the other for B. On the 
cylinder in A are fixed shal- 
low cups with short stems 
whioh ^p in the boxes, and 


3. oany a oertoin quantity over 

the cylinder as it tnms, 
which falling in the funnels, x, x, ia deposited in the furrows 
made by the ooulters, h, r. Ihe cylinder in the box b bas 
projecting pieces of iron with a small cavity in each near the 
end, whioh takes a very small quantity of seed, and dis- 
bharges it in the same manner into fiie two funnels, x, x. On 
the aads of the vdieel x is a toothed wheel, which turns a 
small wheel, j>, on the tads of the cyH^fier in a, and thus turns 
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anotiliOT w}ieel| o, on the axis of the cylinder in b. As these 
two whe^ move towards each other, the two cylinders tom 
in contrary directions, which is a convenience in tnminif the 
seed and the manure into the funnels at the same time. The 
wheel F may bo lifted up by means of a lever a, and then the 
qyhndera do not revolve. There are various other contrivances 
which cannot easily be explained without a more detailed figure 
of the different parts.*’ It is always difficult to convey an 
adequate idea of oompHoated machines by description: ^ 
examination of the machine itself, which is to be met with in 
any agricultural museum or show, will explain its action better 
than any description, however lengthy. 

MACH1KE6 USED IN BBAPIMO. 

We have seen how machinery aids in preparing the soil and 
sowing the seed : wo have now to examine its utility in enabling 
the farmer to realise the fruits of his labour. Beapiug^machines 
are of very modem construction ; they are eminently useful as 
labourrsavers, and simultaueoualy with the rise in wages of 
agricultural labourers have reaping>maohines oome more and 
more into use. They vary very much in external appearance, 
but certain principles appear to be common to all the different 
forms. The blade of ihe reaping-maohine consists of a series 
of notches, as shown in Fig. 4. These notches are sharpened 



Fig. 4. 


on their edges by giinding-stonos of peculiar construction. If 
we conceive two blades of this shape, one immediately overlying 
the other, and if the one be held fast and the other be made to 
oscillate backwards and forwards rapidly, wo have the essential 
principle of a reaping-maohine. Those blades are carried a few 
inches above the suifaoe of the ground, and one of them is 
made to oscillate by means of a mechanical connection with the 
wheels of the maohinc ; a series of arms force the straw into 
th« notches, and it is immediately cut across by the moving 
edges, and the machine neatly deposits the com which has 
been out. 

We have in this lesson been able bo give only the merest 
outline of ihe debt which modem agriculture owes to machinery. 
There are innumerable appliances into which we cannot outer. 
Thrashing and winnowing maohines would form a suitable 
sequel to roaping-machines. We might also speak of maohines 
for cutting down trees, for removing stumps of old trees from 
the ground, and machines for excavating earth. There are 
numerous maohixies in constant use in Amorioa with which we 
are not familiar here. Tlicre the high price of labour has 
rendered all labour-saving appliances of far greater economic 
importance than in older oountries where the population bears 
a higher proportion to the oapabilities of the soil for pro- 
duction. 


PRACTICAL PERSPECTIVE. —I. 

INTRODUCTION. 

Thb intimation that “those lessons are written to supply a 
want ” has become so haokneyod, that it is only repeat^ here 
beoause no other sentence would so well express their real 
purpose ; and it is hoped thot by their publication a series of 
really elementary lessons will be given wUoh will bo useful not 
only to artisans and toaohers, but to the public generally. 

^ The words used in the introduction to the lessons in “ Prao- 
tioal Geometry applied to Linear Drawing” refer equally to 
these lessons: — subjeot is not treated as a mathe- 
matioa], but as a thoroughly praotical one, and therefore no 
absolute system of reasoning is attempted ; still, it has been 
thought right to give some simple and familiar exjfianations of 
the properties t he various figures, and the principles upon 
which their constructions are based, fws it must be ob’Hous that 
the more the mind comprehends of the relation of one line and 
form to another, the more will the eye appreciate beauty and 
refi ne ment, and the more intelligpently will the hand execute.” 


In pursuance of this plan, only just as much of the theoiy of 
Perspective is given as will enable the student to comprehend 
the subjeot ; and an endeavour is made, as the lessons advance, 
to show the application of the principles, and of the few rules 
laid down. 

The studies are very carefully graduated, oommenoing with 
the perspective projection of single pmnts, and proceeding in 
suooession to the oonsideration of lines, planes, and rectangular 
solids, in the foreground and in the distanoe, when parallel or 
at an angle to the picture. 

The course next takes up the delineation of polygons, prisms 
and pyramids, circles, oylindera, and arohes. 

The examples are all clearly drawn, the working lines being 
shown ; the lettering is plain ; and the instmotions as simple 
and Jbrief as is consistent with the proper explanation of the 
subjeot. 

Exercises are added in oraer that the student may test 
whether he has fully comprehended what he has been taught, 
and whether he can vary the oircumstanoea whilst applying 
the principles. .This will oounteraot the tendenoy to copy the 
diagrams so often met with. 

These exercises will also be found most valuable to teachers, 
who are advised to write them on the black-board, causing each 
student in the class to take a different centre, points of dis- 
tanoe, scale, etc., whilst still working out the subject according 
to the other data given. 

The student is urged to work the figures contained in lessons 
in “Praotioal Geometry applied to Linear Drawing” either 
before, or oonourrently with Perspective, as he will otherwise 
find himsolf constantly in the awkward position of being unable 
to oonstruot the geometrioal form which he is endeavouring to 
put into perspective. It will also be of advantage to him to 
study “Projection” either previously to, or at the same time 
with, these lessons, as he will then be able to observe the 
changes of form caused by the parallel lines of the one system 
and the convergent lines of the other, whilst the knowledge of 
developments ^1 enable him to understand the true forms of 
the surfaces which become so much altered by Perspective. 

All the studies are baaed upon the actual experience gained 
during nearly twenty years’ teaoliing, in which the inquiries 
of students, their difficulties, and the errors into which they 
are most liable to fall, have been most carefully noted ; and it is 
therefore hoped that these lessons may do the work at which 
they aim efficiently, so that the term “ Perspective,” instead of 
being uttered with dread, as a mysterious art known only to 
a few, may become as familiar as a household word to the 
many, and thus, by a knowledge of its principles, our students 
may be enabled, not simply to work out the lessons with their 
instruments, but to sketch with rapidity and oorreotness, whether 
from the object or from memory. When Perspective is thus 
understood^ it hedbmes indeed the grammar of a universal 
language, 

PRACTICAL PERSPECTIVE. 

Perspective is that branch of “Projection” which teaches 
the mode of drawing objects, etc., as they appear to the eye <A 
the spectator in whatever position he may be placed. 

This appearance will, of course, be idtered by (1) the distance 
of the object from the spectator, and (2) its position. 

The moment we open our eyes a fio^ of light enters, and the 
rays which pass from the Buifaoes of every object are thus con- 
veyed by the eye to the brain. 

As these rays piMs from the entire surrounding space through 
the small opening 'called the pupil uf the eye, they are said to 
“ converge,”* and thus form what is called the “ visual angle.” 

Of course, the angle at which the outer rays meet depends on 
the size of the aperture in the eye of different persons. For 
perspective purposes, however, on average angle has been 
generally adopted — ^namely, that of 60^ ; for experience has 
shown that the majority ^ persons oan see, let us say, a line, 

I A B (Fig. 1), when the ^stances from A to c (ihe station of the 
spectator) and from B to o are equal to the length of the line ; 
and it will bo seen that an equilateral triangle is thus formed, 
the angles of which, as has already been shown in “ Praotioal 
Geometry applied to Linear Drawing, ” are all 60*. 

But the rays do not prooeed from a single line, thus forming 
a plane triangle, but from the entire surrounding spaoe. The 

* ConiMnN.— -To iadins together, so as ultimately to meet in a point* 
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triftngle A B o is thos, as it were, rotated on the central line 
o D, and a cone (that is, a tolid triangular body having a circle 
for its base) is formed. The line C D, or axis on which the 
triangle has been rotated, is called the central or principal 
visual ray. 

It will be dear, then, that since the base of this cone (Fig. 2) 
comprehends all iWt can be seen when looking straight forward, 
our entire picture must be oontained within it. 

The apex, o, of the cone is oalled the BtaUon-fwrdy as being 


the other. Kow let threads attached to the angles of the cube 
pass through small holes in the plane in straight lines to the 
eye. Then if these holes are joined by lines, the exact per- 
spective appearance will be obtsdned. 

Kow it is easily understood that this centre of vision will be 
moved as we turn round, and bonce some objects will gradually 
be removed from our view, whilst others become visible ; but so 
long as we do not stand on higher or lower ground, the htigM 
of our will remain the same. 



the station of the spectator, or the poin^ 0 / sight, since it is the 
point from whence the sight is obtained. 

The opposite end of the central ray is the centre of the base 
of the cone of rays, and is therefore oalled the centre of vision.^ 

The surface on which we draw is oalled the pietiure-^lcme. It 
is supposed to be transparent, and (as a rule) to be placed 
vertically between the spectator and the object ; the rays 
passing from the object through this plane give the apparent 
form. Thus, let a plane stand on its e^ on a table, and let a 
cube be pla ced on one side of it, the eye of the spectator being on 


• As, bowsTsr, In lookhig forward from the point of station, the 
point c (tJie one end of the central ray) is immediately in front of the 
o^re of the drole, the point has generally been termed the “point of 


The horizontal line is a line drawn through the centre of 
vision in a horiaontal position, ae its name implies. It shows 
the height of the eye of the spectator in rdatto to the objects 
drawn. This is shown in Fig. 3. 

Here 0 is the centre of vision, and H L the horisontal line. 
The cube lettered a is above the level of the eye of the spec- 
tator, and h is below. Thus the under surfhee of a and the 
upper surface of b are seen. Both are on the left of the 
spectator, and thus the right side of each is visible. 

The cubes c and d are similarly placed as to the horisontal 
Une, but being on tbe right of the spectator, their left side is 
presented to view. 

The cube e is above and / below the horisontal line, and iSius 
the bottom of the one and the top of the other is seen ; hnt as 
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th^ ftre immedifttoly aboT«- and baSoir ihe eem^ ci viaioo, 
neither side is visible. I 

Again, the cnbe g is on the left and h is on the xigkt of tl» | 
spectator, but both lure on a level wHh the centre of vision, and 
ther^ore only the side of each is seen, but neither top nor 
bottom ; whilst in Xs, which is immediately opposite to t^ eye 
of the spectator, none of the sides, exo^idng that which forms 
the front, are visible. 

It is necessary, however, to fix in a definite mamier the 
positionB of the lines which represent the distant edgw of the 
objects, for it will be evident, on referring to the cube b, that if 
these were placed at «, the object wotdd appear a long balk of 
timber instead of a cube. The correct proportion is, however, 
obtahied by means of points, of which we shall now speak. 

Q^e points of distance represent the distanoe of the eye from 
the picture. 

To illustrate this, let us now turn to Fig. 4. Here A b o is 
the cone of rays standing on its base. Now, as the picture* 
plane forms a port of that base, it will be clear that the length 
of the axis, or central ray, c D, represents the distance of the 
eye (situate at the apex of the cone) from the picture, and it is 
now required to lay this length down on our paper. . 

It has been said that the cone adopted for the purposes of 
perspective has its slanting side equal to the diameter of its 
base. Therefore any section taken through the axis would be 
an equilateral triangle, as e o v. 

Now, if we imagine this equilateral triangle rotated on the 
lino E E, first on the one side and then on tlio other, we shall 
obtain o and H, which will be the points of distance, for i> q 
and p H will bo equal to d c, the altitude of the triangle or axis 
of the cone, which is neoesBarily the distance of the spectator 
from the picture. 

Fig. 5 is the plan of this cone. 

Having drawn the picture-plane, abed, and the base of the 
cone surrounding it, draw the perpendioolar line E F. 

From E and f, with radius B f, describe arcs cutting each 
other in o and h, which will be tbo points of distanoe. 

To' show at once the use of these points, draw the square e, 
and from its angles draw lines to n (representing rays of light 
passing to the apex of the cone). 

Now from the point / of the cube sot off what you know to 
be the real width of the distant side (which in tliis case will bo 
equal to the width of the front, the object being a cube), 
namely, / g. 

From g draw a line to o, which, cutting / d in b, wUl give 
tbe point at which the distant edge of the cube is to bo drawn. 
This figure may be slightly in advance of the student’s present 
knowledge, and is merely introduced here so that the purpose 
of the points of distance may as soon as possible bo made 
evident. The steps leading to this subject will, however, be 
clearly shown hereafter. 

The centre of vision, although the centre of the base of the 
cone of rays, need not necessarily be the centre of the pictwre, 
for although the picture-plane must be contained within the 
circle, it need not occupy the whole, but it mttst touch the cir- 
oumferenco at one point. 

To find the points of distance when the pictoxe-plane, ah cd 
(Fig. 6), and the centre of vision, d, are given — 

llirough D draw the horizontal line. 

From p, with radius P a — that is, from the centre of vision 
to the most distant angle of the picture-plane— describe the 
base of the cone of rays. 

Draw B F through p, and with e f as radius, describe arcs 
cutting each other in a, H, which, as before, will be the points 
of distance. 

The bottom line of the picture, c d, is oaUed the picture^ 

. 

It is not always necessary to employ the whole of the picture- 
plane or base of the cone of rays ; it is, therefore, generally 
enough to state the height of the eye of the speotator, and his 
distanoe from the picture. This plan will now be adopted, as 
we riiall be thus enabled to employ the whole space at our 
disposal in delineating the subject of the study. The centre of 
vision win throughout the lessons be called o, and the points 
of distance, V P* It may also bo as well to remark that 
wherever it is necessary to speak of the horizontal line and 
refer to it by letters, the letters H n will always be used to 
denote it. 


TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

Vm,--FVSNINa SOIENCB nfSTBUCTlOH 
BT SIB PHILIP HAGHUB. 

Spoken cl the difficulty of securing a guarantee that 
the instruction as given in ordinary soienoe ofasses is satis- 
factory without the aid of a central authority. If, however, 
teaching were paid for by the town, it might be tested by 
inspectors appointed by the municipality, and under these 
oiroumstanoeB it might be, in many oases, better adapted 
than now to the special requirements of those receiving 
it i bnt when the instruction is State aided, it must be State 
controlled, and the centralisation of the superintending 
authority is not compatible with that freedom and elasticity of 
teaching which is an element of the highest value in every kind 
of education. 

On ike other hand, whilst perfection cannot be expected in any 
general system such as that carried out under the direction of 
the Soienoe and Art Department, it may be contended that the 
assurance that the instimotion is good as certified by the results 
of the examinations, and the influence of such examinations, 
conducted by men of the highest scientifio eminence, upon the 
methods of instraotion,oonnterbalanoe some of the disadvantages 
of the system. Moreover, it cannot be too often repeated that 
the great value of science teaching does not lie so much in the 
information imparted as in the power of observation and in the 
accuracy of thought it gives rise to; and further, that the 
limitation of instruction in science to those special snbjects that 
may seem to lead up to the requirements of the student is 
calculated to narrow the student’s view, and to give the 
appearance of oompleteness to what is really very superficial 
knowledge. But the great value of soienoe to the artisan is in 
enabling him to understand the cause of unexpected appear- 
ances ; and for this purpose he may often require to know facts 
in science which would seem to be quite remote from those 
connected with his ordinary work. It is on account of the 
difiicnlty of providing for the unseen, and because most natural 
phenomena are oompHoated, and require for their explanation 
the principles of varions branches of soienoe and facts widely 
separated in the text-book arrangement of a subject, that 
it is thought better by some authorities to give the same 
Systematic teaching to iJl students, be their occupations or 
their requirements what they may, than to attempt to adapt 
tbe teaching of the elements of soienoe to what may be thought 
to be, but to wbat may not prove to be, the student’s real wants. 
On these grounds, the teaching of the elements of chemistry or 
physios to artisans without any reference to their application 
is very frequently justified as the most fitting introduction for 
more advanced soientiflo instruction, or for the subsequent 
study of the technology of separate industries. By itself, it is 
clearly not enough to prove serviceable to artisan students who 
are already engaged in trade, and who are desirous of seeing the 
connection between the problems they are daily meeting and 
the principles of soienoe they learn in the class-room. Supple- 
mentary instruction of this kind, connecting the teaching of 
pure soienoe with workshop practioe, artisans in this country 
have now the opportunity of obtaining in the dasses organized by 
the City and Gndds of London Inztitute, to which full reference 
will be made later on. But before passing on to the oonzideration 
of this subject, it will be well briefly to summarise the assist- 
ance that the State affords to science teaching, seeing that 
it includes much more than tbe payment on the results of the 
oxaminaldon of students of evening claszez. 

kID AFFOBDBP BT THB 8CIBK0B AHD AET PBFABTKBNT TO 
I INSTBHOTION IN 801EN0B. 

The Department 

I. Bolds puhUc svaminaUons ; on the results of these exasni- 
tions are awarded — 

a. 2b tsaehera: — Payments on results on account of the 
instruction of the industrial dasses, as 4efin^ below: — 
(a) Persons in the receipt of weekly wages, and thdr children if 
not gaining their own livdihood. (6) Teachers and pupil- 
teachers of elementary schools in connection with the Education 
' Department, Wbitohall, or the National Board of Education^' 
! Ireland, and their children if not gaining their own Itveli- 
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hood^ . («) PerioxiB in the eeoeipt of not more than ^£200 per 
annam all eearoes, and^their ohildran if not gaininiir their 
own livelihood, (d) Soholars in Puhlie Blementory Sohoole 
within 1^6 meaningr of the Mementary Education Act, 1870. 

The payments are as follows -(a) In the elementary and the 
advanced stages of each subject, except Praotieal Chemistry 
and Praotioel Metallurgy, £2 and £1 for a first or second class 
'.espectively. (b) In honours, j£ 4 and £2 for a first or second 
class respeotivdy. (c) In Practical Inorganic and in Practical 
Organic Chemistry and in Practical Metallurgy, J62 and £1 for 
a first or second class respectively in the elementary stage ; £3 
and £2 for a first or second class respectively in tho advanced 
stage ; and £4 and £8 for a first or second class respectively in 
honours. ] 

fi. To students: — {a) Certificates, (b) Prizes in advanced j 
stage only, (c) Med^ in hononrs stage, (d) Scholarships : — 

A. Elementary (a) In the Elementary School Sehola/rsh'i^ 
£5 are granted to the managers of any elementary school for 
the support of a pupil selected by competition, if they under- 
take to support him for a year, and subscribe £5 for that 
purpose. The payment of £5 by the Science and Art Depart- 
ment is conditional on the scholar passing in some branch of | 
science at the next May examination. (6) In the Science and \ 
Art Scholarship^ which is of a more advanced character, a 
similar contribution of £5 is required on the part of the locality, 
and a grant of £10 is made by the Department towards the 
maintenance, for one year, of the most successful pupil or 
pupils in elementary schools who hate passed certain examina- 
tions in science and in drawing. 

B. Advanced : — (a) Jjocal Exhibitions to enable students to | 
complete their education at some college or school where 
scientific instruction of an advanced character may be obtained. 
Orants of £25 per annum, for one, two, or three years, are i 
made for this purpose when the locality raises a like sum by 
voluntary subscriptions. And if the student attend a State 
school, such as the Normal School of Science and Boyal School 
of Mines in London, or Royal College of Science in Ireland, tho 
fees are remitted. The exhibition must be awarded in com- 
petition. (6) Royal Exhibitions of the value of £50 per annum, 
tenable for three years, to the Normal School of lienee and 
Royal School of Mines, London, and the Royal College of 
Science, Dublin, are given in competition at the May examina- 
tions. Seven are awarded each year — four to the Normal 
School of Science and Royal School of Mines, and three to the 
J^yol College of Science, (c) National Scholarships, tenable at 
cither the Normal School of Science and Royal School of Mines, 
London, or at the Royal College of Science, Dublin, at tho 
option of the scholar. These scholarships entitle the holders 
to free instruction for three years at either one of the two 
institutions specified, and to a maintenance allowance of 30s. a 
week during the session of about forty weeks each year. The 
scholarships are restricted to students of the industrial class. 
Twelve are awarded each year, (d) Free Studentships, Eighteen 
free studentships, six open each year, to the Normal School of 
Science and Royal School of Mines, (c) Whitworth Scholar^ 
ships, 

II. Holds examinations in Training Colleges, 

HI. Encouftages organised science instruction by offering the 
following special payments : — In day schools, lOs. on account of 
each pupil who attends the full course of instruction, is present 
during 250 attendances of tho school, and passes in one of the 
subjects of study laid down for his year. Tho school year is 
held to terminate for this purpose on the let May. In night 
schools, 6s. on account of each pupil who attends the full course 
of instmotion, is present during 75 attendances of the school, 
and passes in one of the subjects of study laid down for his 
year. The school year is held to terminate for this purpose on 
the 1st May. 

IV. Makes grants towards buildings for science instruction. 
A grant in aid of a new building, or for the adaptation of an 
essting building for a School of Soienoe,. may be made at a rate 
not exceeding 28. fid. per square foot of internal area, up to a 
maximum of £600 for any one sohoefi, provided that oortsAu 
conditions aaro complied with and that the school be bnfit 
under the Public libraries and Museums Act, or be built 
in oonneoiion with a School of Art, aided by a Department 
building grant. 

V. coUeetion cf apparatus to schools for short periods. 


With a view to the more efficient instruction in ecienoe schools, > 
suitable oolleotions of apparatus have been formed specially 
adapted for the illustration of science toaohing. Duplioate sets 
of this apparatus have been formed, and appHootic^:^ eon 'be 
received from science schools for lending them fpr a ^uart 
period. No set of apparatus will be allowed on loon in any 
science school for a longer period than three weeks* Teachers 
will be allowed to use the apparatus for the purpose of demon- 
strating before their olasses ; but they must not be used by the 
students, and any damage which the apparatus may sustain 
whilst in the poasession of the olaas will have to be made good 
at the expense of tho Committee. 

VI. Grants aid toward the purchase of: — (a) Fittings. 
(6) Apparatus, (c) Diagrams, (d) Books. A grant towards 
sohool fittings of special construction for laboratories or lecture 
rooms, and the purchase of apparatus, diagrams, eto., not 
exceeding 50 per cent, on the cost of them, may, at the discre- 
tion of the Department, be made to science schools, provided 
they are in connection with public institutions ; are tanght by 
duly qualified teachers ; are under the supervision of Committees 
properly constituted, and approved by -^e Department. Appli- 
cation must be made to tho Deportment and approved before 
the apparatus or fittings are ordered, or no grants will bo 
allowed. The apparatus must be kept on the school premises. 

VII. Trains teachers : — a. At the Normal Sohool of Science : — 
(o) Ordinary courses. A limited number of teachers are 
admitted, who receive free instruction and 21 b. a week. 

(b) Short summer courses to select teachers, who receive £2 a 
week and railway fare. jS. At provincial colleges, by paying 
half the fees for two days a week laboratory work. 

Vin. Makes grants in aid of the travelling expenses of 
teachers : — A teacher giving instruction in science in several 
villages or small towns may receive several special grants in aid 
of his travelling expenses. These special grants are only to bo 
made provided that there is a local organisation for a genera) 
system of science instruction, that the teacher is highly qualified, 
and that looal teachers are not available. 

IX. Molds special eaaminaiions for seafaring men : — In 
addition to the ordinary science examinations in May, class 
examinations may be held in mathematics, navigation, nautical 
astronomy, and steam, for tho benefit of seafaring men-^-and 
for them only — throe times a year in all seaports where Local 
Committees are formed and are willing to undertake them. 
Those examinations take place in the beginning of March, 
September, and December. 

X. Provides short courses of lectures to working men at ; — (a) 
Museum of Practical Geologry, Jormyn Street, (b) Normal 
Sohool of Science, (c) Royal College of Science, Dublin. 

ART CLASSES. 

Of no less and possibly of more importance as a part of technical 
education than soienco teaching is instruction in art. Every town 
in Great Britain of any pretensions has nowits art school, which 
is frequented in the daytime chiefly by amateurs, and in tho 
evening by persons engaged in productive industry, who have 
found out for themselves the value of drawing in all its stages 
in advancing the work in which they are engaged. The organi- 
sation of art schools in this country dates back from 1836, 
when they were established as “ Schools of Design.” In 1852, 
these schools were re-organised as the Department of Practical 
Art, the object of the Department being : — (a) The promotion 
of elementary instruction in drawing and modelling ; (6) Special 
instruction in the knowledge and practice of ornamental art ; 

(c) The practical application of such knowledge to tho improve- 
ment of manufaotures. 

Nothing could be more practical or better calculated t(* 
provide technical instruction than an organisation such as this. 


BUILDING CONSTEUCtlON.—X. 

ARCKXB {continued)* 

Before, however, entering into ,the brick construction of tho 
arch shown in Fig. 68, which was given in our last lesson ou 
this subject in page 265, it ii necessary to speak of the wooden 
supports temporarily employed in the oonstmotion of arches. 
These will be fully described in other lessons ; still it is neoes- 
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«ar j incidentally to mention them ; for although they are the arch which may take place, owing to the support being re- 
really branches coming nnder the head of oonstmctiTe oar* moved, may not be sudden; for if l^e support were at once 
X>eiitry, yet it is .important that their general purpose, prin- withdrawn, the arch might settle in one part more than in 
ciples, and application should be thoroughly underst<x>d by the another, and the whole work might in oonsequenoe give way or 
bricklayer and mason. The temporary wooden oonstruotions be permanently injured, 

referred to are called ** centerings,' ' and oonsist of an assem- In Fig. 68 we find an exceedingly simple oenteri^. 

blago of timber beams so disposed as to form a strong frame ; The walls as, o i> haring been raised, the centering is erected, 

the oonvex or outer frame being of the exact form of the This consists of fire sticks of timber, E, v, a, H, i, kept in their 
bitradoB of the arch which is about to be erected. places by the cross^stmts j E. These posts would be placed 



These oonstruotions are, of course, only intended for tern* at each face of the arch if it were a deep one, or even at closer 

porary use, and therefore the following objects should be kept distances if the arch wore built orer a rery deep vault or 

in view by the designer : — 

1. 'i'o damage the timber as little as possible, oo that it may Cross-wise, resting on these uprights, are laid horizontals, 

be used again when required. Of oonrse, this condition must the ends of which, l H K o p, are shown in the illustration ; 
yield to the necessity of the case ; but in all works proper and on these again planking is placed, on which the arch would 
economy (provided it do not degenerate into a “ penny wise be built. An important feature, however, is that mentioned 
and pound foolish” system) is an elemexit which must never be under the third heading'-^namely, the arrangement which must 
neglected. be made so that the centering may be oas^ gradually before 

2. That the design of the centering must be such as to resist absolute removal. 

any strain which may cause alteration of form during the Fig. 66 shows the most simple method of doing this. It 

building of the arbh ; and will be seen that each support rests on two wedges mntnaHy 

8. That arrangements should be made that the centering can opposed, as q, b, etc. Now, it will be evident that by striking 
be ea^ed or lowered p'odually, in order that any settlement of each in turn, the whole of the wooden structure will sink almost 
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imperoeptibly, vad, thuB allow the arch to come to an equal aettle- 

and then the whole framinif niay bo pemoTod, i.ur liuo uuuatB wuuiu nave vo do ou^ bo mb to meei* 

Mter the pryeding obeerratione on centering, we now in the centre line, and would thua hare no inflaenoe aa a key- 
return to the bnokwork of the subject under consideration. , stone unleaa a heavy weight wore placed over it to keep 


the block r s t u would not bo influenced by such con- 
vergence, for the bricks would have to be out so as to meet 


It will be seen in Fig. 6B 
that the greater portion of the 
weight of the superstructure 
is borne by the upper arch, 
which is hence c^ed the 
relieving arch. That this is 
necessary will be evident when 
it is remembered that all the 
support gained from the appa- 
rently broad straight arch was 
that derived from the aroh of 
the width s T, or about one 
brick. 

The relieving arch, struck 
from the same centre as that 
to which the skew-backs of 
the straight aroh converge, 
thus bears the main burden; 
and its purpose is further en- 
hanced by a tension rod, ti y 
— viz., a rod of iron passing 
from the intrados of ^e flat, 
to the extrados of the relieving 
aroh, by reason of which the 
sinking of the former is ren- 
dered impossible, owing to its 
being suspended, as it were, 
from the latter. 

Fig. 69 represents a (Gothic 
or pointed aroh, oonstmeted 
bricks. Here another very 
simple form of centering 
shown. It will be seen that the 
posts a and h are placed against 
the piers, and are kept sepa- 
rate by *^0 cross-strut e, the 
force of which may be gradually 
diminished by stril^g the 
wedges at d. On these posts 
rests the true centering, which, 
it will be seen, is formed of 
pieces of timber placed in the 
manner called ** break-joint ” 

— ^that is, of two thidmesses 

timber, so united that the joints of the one side, e/, are 
covered by the whole wood on the other; and this mould again 
is suppoHed by,. first, a cross-piece, y, at the springing, and 
then by cross-struts, h, i, which can be relieved or eased by 
the wedges at j 


Fig. 73. 


and k, as can 
also the center- 
ing by those at 
I and m. The 
several centres, 
or trusses, which 
maybe required 
for the depth of 
the arch, are 
united by timber 
laid cross-wise, 
the ends of which 
are shown at n 
and 0 , etc. 

The curves of 
the arch are, of 
course, struck 
from the im- 
posts, this being 

an equilateral lUKsh. The intrados and extrados having there- 
fore been drawn, divide the latter into the number of bricks 
required. 

Now the majoriiy of the radii are drawn to the centres from 
which the arcs p, q are stmok ; but it will bo seen that if 
this system were continued, the entire mass of bricks forming 



it down, without which the 
pressure on eaoh side would 
tend to foroe it upward and 
out of its plaoe. When, there- 
fore, these radii have reached 
about 60^ on eaoh side, and 
intersect in v, this point must 
bo oonstltuted a new centre, 
and all radii between e t and 
$ u must be drawn to it. 

DBAWINa FOE MAJSONS. 
Fig. 70 is an example of 
planldng, brick footings, and 
stone piors, as adopted in the 
circular vaulting at the London 
Docks. 

The foundation consists, in 
the first place, of nine fir piles 
9 inches square, disposed as in 
the plan (Fig. 71). On these 
rest, first, three fir-sleepers, 
also 9 inches square, and 
across these fir -planking 6 
inches thick, forming a plat- 
form 4 feet lOk inches square. 
On this rests the mass of 
brickwork in five ranges, lit 
inches high, oonsisting of four 
courses (Fig. 72). foot- 

ings are 2i inches all round, 
thus making eaoh range 4^ 
inches smaller across than that 
on whioh it rests. The surface 
of the brick foundation at a 
is therefore 3 feet 41 inches. 

The base of the pier, whioh 
stands on the briokwork, is of 
stone taken from Bramley Fall 
Qnarry. > This base is 8 feet 
square at the bottom, and 2 
feet 4 inches at the top ; tho 
angles are, however, splayed off, 
and the npper surface thus be- 
comes an octagon. The shaft, whioh is of granite, is octagonal, 
and is 2 feet wide at its lower end, but dindnishes to 1 foot 10^ 
inohes at 3 feet high. This may be said to be the springing- 
point of the arches. The section shows that of a four-oentred 
, , - aroh, the centres 

® ^ ° of whioh are 

marked in tho 
drawing. 

The pier 
widens out at the 
top, and is sur- 
mounted by a 
cap, or springing 
stone, also from 
Bramley Fall 
Quarry. 

It has just 
been remarked 
that the npper 
surface of the 
base of the pier 
described above 
becomes an oc- 
tagon when the 

angles at the comers are splayed off. As a nseful exorcise in 
Geometry and Linear Drawing whioh bears immediately on 
tins part of our subject, we will add two problems : (1) on the 
construotion of a regular octagon on a given line, and (2) the in- 
scription of an octagon in a square. It is the second of these 
problems which is brought into practice in taking off the angles 
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of tito 1»look, so thftt, when is.dono, the upper surfhoe mmy 
ptwmi the form of a regular oetagim. 

To eoTutruot a regul^ ^tctagm on ihe given Vine ▲ s (Fig« 
73). — ^Produce ab on each side. Ereot perpendionlars at k I 
and B. From k and with radius x b, describe the quadrants 
c B and B F. Biseot these quadrants, then a o and B H will 
be two more sides of the ootagon. At h and o draw perpendi- 
culars, a X and h k, equal to a b. Draw a h and i k. Make 
the perpendionlars A and B equal to o H or i K — via., A L 
and B X. Draw i L, L x, and m k, whioh will complete the 
octagon. 

To inaeribe an octagon in the aqua/re a b d c (Fig. 74). — 
Draw diagonals, A i> and c b, intersecting each other in o. 
From A, B, o, and i>, with radius equal to A o, describe quadrants 
cutting the sides of the square in B, F, o, h, i, j, k, l. Join 
these points, and an ootagon will be inscribed in the square. 


PROJECTION.— XIII. 

QUESTIONS FOB EXAMINATION (oontinnad). 

82. There is a solid cross, formed by a central cube of 1 inch 
side, on each face of whioh another similar cube is fixed. Give 
the |dan and elevation when two vertical faces of the original 
cube are parallel to the vertical plane. 

88. Draw the plan and elevation when of the two adjacent 
vertical sides of the original cube one is at 60® and the other at 
30^ to the vertical plane. 

84. Project this object when resting on one angle of the base 
of the lowest cube, which is inclined at 30° to the horizontal 
plane, the diagonal being parallel to the vertical plane. 

85. A cone, the baae of whioh is 4 inches and the altitude of 
which is 5 inches, is penetrated by a cylinder of 2 inches 
diameter. The axis of the cylinder intersects that of the cone 
at right angles, at 1 inch from the ground. Draw plan and 
elevation when axis of cylinder is parallel to vertical plane. 

86. Project this object when the axis of the cylinder is at 60° 
to the vertical plane. 

87. A cone of 8 inches diameter, the height of whioh is 34, 
rests on a cube of 8 inches side. Give plan and elevation when 
sides of cube are 50® and 40° to vertioid plane. 

88. Project the front view of the group when the one dia- 
gonal of the base is parallel and the other at 35® to the 
horizontal plane* 

89. There is a cube of 3 inches side, on whioh rests a cylinder 
of 2 inches diameter and 3 inches high. This supports a cone of 
8 inches diameter and 24 inches high, the axes of all being 
coincident. Give the front elevation of the group, when resting 
in a plane inclined at 25°. The other conditions at pleasure. 

90. There is a solid formed of two equal square pyramids of 
2 inches base and 3 inches altitude, which are united by their 
bases. Draw the elevation and plan when the object rests on 
one of the triangular faces of one of the pyramids, the axis of 
the object being parallel to the vertical plane. 

91. Give the projection of the object, when resting on one of 
the faces of one of the pyramids. The axis is at 45® to the 
vertical plane. 

92. Draw the elevation and plan when the object rests on an 
edge of one of the pyramids, the axis being at 60® to the 
vertical plane. 

98. Construct an isometrical scale of of an inch to the 
foot. Show 20 feet. 

94. Draw an isometrical projection of a plane square of 2 
inches side. 

95. Give an isometrical projection of a pavement consisting 
of squares of 1 foot side. Scale, i inch. Show 5 squares in 
width and 12 in length* 

96. Draw an isometrical projection of a cube of 2 inches 
edge. 

97. Draw the isometrical projection of a box 3 feet square 
and 2 feet high, made of wood 3 inches thick. Scale, 1 inch to 
the foot. 

98. There is a block of stone, ’6 feet square and 1 foot high ; 
on this rests another, of the same height and 4 feet square ; 
and OB this agedn a third block, of the same height and 2 feet 
square, is plaoed^ the centres of the three blocks being over 
each other. Give the isometrical view of the group. Scale, 
I inch to the foot. 


99. A {^rlinder>of two inches diatacfter and Alnoltec tooff Ifsw 
BO tiiat its end is vertical Give the isoipetrical prqjeotlosi. 

100. Theceie astoolthetoiiof whkhis asqiuureof 12inche8 
side, the height 18 inches, and the thloknese of the legs t inches 
(the other measurements at pleasure); Soale^ 2 inches to a foot. 
Draw an isometrical view of this object. 

It is obvious that no Key to the foregoing Exerolses in Pro- 
jection can be given. Each proposition must he Worked out by means 
of drawing, and onr space is too limited to do this even on a very 
small scale. 


AGRICULTURAL CHEMISTRY.— VL 

BY BIB CHABLB8 A. CAXBBON, M.l>., PH.D. 

CHAPTEB VI.— ON THE IMFBOVEMSNT OF SOILS. 

We have shown in the last chapter that the fertility of eoOe 
is in general but little influenced by the arts of man. As a 
general rule, a bad soil always remains inferior to that whioh is 
naturally fertile. It is, however, possible to greatly improve the 
capabilities of inferior land ; and, as we have seen, fe^e soils 
go out of condition where their cultivation is not properly 
attended to. 

Some soils are too light ; they do not afford adequate meoha- 
nioal support to the plant, and they do not retain snffioient 
moisture. On the other hand, there are clays bo very adhesive, 
that it is almost impossible to render them sufficiently porous to 
allow that oiroulation of air and water through the soil, without 
whioh plants cannot be perfectly matured. It is evident that 
the act of commingling a light soil with a heavy clay would 
produce a mixture greatly superior to either when separate. A 
stiff clay may fail to produce good crops, whilst the light 
drifting sands — perchance not far distant — are soaroely clothed 
with any kind of vegetation. The combination of the two 
would in all probability produce a productive soil. This reason- 
ing is very sound in theory, and sometimes it admits of being 
practically applied; but oooasionally the operation of mixing 
soils is found to bo a most expensive one. When the two classes 
of soils are close to each other, it is very probable — nay, almost 
certain — that their admixture oould. be economically effected. 
It is a much more common practice to improve light lands by 
the addition of sand or gravel to them ; but it is raGier rarely 
that stiff clays are ameliorated by the Edition to them of sand, 
though there appears to be no good reason why suoh should 
not be the case. 

Dogs and peal^ soils are often barren because they contain 
excessivo amounts of organic matter ; they would oonsequently 
be greatly improved by the addition of marly clays. Tho 
defective ingredients of peaty soils — alnmina and lime— 'sre 
abundantly present in marly days. Light lands are often 
greatly improved by folding sheep upon them. The tramping 
of the animals consolidates the soil, and their excreta enrich 
it and render H more coherent. Bulky fertilisers are best 
applied to stiff clays, and well-fermented and dense ’manures to 
light soils. 

Warping soils means to manure them with mud. The annual 
overflowing of the Nile covers the fields of Egypt with a fine 
mud, whioh possesses wonderful fertilising propertiea In some 
parts of England, lands adjoining tidal rivers are periodically 
inundated during the influx of the tide, and the excess of water 
allowed to flow off with the ebbing waters of the river. Iii this 
way the surface of the land acquires a coating of silt or mud, 
often to the depth of several inches, and even feet. Herapath 
found that the quantity of phosphoric acid deposited by warping 
on the surface of a certain field amounted to 17,000 pounds, 
whilst from the same field a crop of wheat abstracted only 53 
pounds of that compound. 

The beneficial action of quick or burnt lime on soils has been 
known from a veiy early period in the history of husbandly. 
The younger Pliny mentions that marl and lime^ were largely 
employed by the agriculturists of Gkml and Britain, and Theo* 
phrastuB and Columella speak of lime as an article in common 
use amongst the fanners of their days. 

Limestone consists ossentiidly of a compound termed oid<fio 
omrbonate, whioh is composed of carbonio dioxide, osygem 
the metal oaldam. When heated very intensely, the dorbonic 
dioxide flies off in a gaseous form, and the oxygen and oaloiiim 
remain as a white earth, termed oaioio oxide, or oalrto anhy- 
dride. When water is poured on oalcio anhydride (quiok or 
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otiDstio ISsw), thtt Wo sobstaiioes tmite and form oidoio bydrido { 
(alaked lime, formerly termed hydrate of lime). Ihiring the 
slaking of lime heat is eTolred, and the hard stone' ommblefi 
into a fine powder. Xf an excess of water be need, a semi-liqnid 
results, termed cream or milk of lime, according to its con- 
sistency. 

In Ihe soil lime acts chemically and physically, and it also 
contributes directly to the nutrition of plants. As a mere 
mechanical agent, it has proved most useful in rendering stiff 
clays less tenaoious, and more porous and pervious. Many heavy 
clays, wiiioh can only be properly cultivated by great labour and 
expense, might be rendered friable, and easily workable, by a 
liberal applioation of lime. Dense, a^esive clays do not rea^y 
admit the permeation of air through them ; therefore any me* 
ohanioal agent — such, for example, as l^e — which renders them 
more open, indirectly contributes to their chemical improve* 
ment, because tbe activo oiroulation of air throughout the boU 
produces abundance of plant-food, as we have shown in 
previous chapter. 

As lime, though not so dense as heavy clay, is more compact 
tiixan sands, the latter are improved by a dressing of marl — a 
snbstanoe very rich in lime. In the oase of clays and sands, no 
apprehension of injury from ovor-liming need be apprehended, 
provided that the lime be applied chiefly in the form of marl or 
ohalk; for enormous quankties of qnioklime act corrosively 
npon vegetables and their seeds. The best wheat soils in Middle- 
sex contain 10 per cent, of caloio carbonate, and in many of the 
most fertile grass-lands in Ireland more than 20 per cent, of this 
substance exists ; whilst some of tbe soils of Somersetshire — 
famous for iheir cheese-producing capabilities — contain about 70 
per cent, of lime compounds. In the use of lime as a meohanioal 
agentthe chief point to consider is, Will it render the soil too 
light P In the oase of green crops there is little danger of the soil 
being too light ; but when oats and other cereals are cultivated, 
it sometimes happens that over-doses of lime are applied. In suoh 
cases — even if the soil be old lea or grass-land — the plants may 
braird satisfactorily, but they will hardly produce seeds, and will 
generally perish about June. The cereals require a moderately 
stiff soil to sustain their slender roots, and if such support be 
denied they rarely vegetate vigorously. Land rendered too porous 
by over-liming is improved by growing turnips on it, and allowing 
sheep to feed upon the orop in field. The soil may also be oon- 
solidated by means of heavy rollers passed over it. It is a curious 
fact, that land, injuriously footed by over-liming, may yet be in 
want of Hme. This arises from the circumstance that lime 
sinks very rapidly from the upper 4 or 5 inches of surface-soil ; 
and although the whole soil may have been rendered too loose 
by former calcareous applioations, yet tbe port of it from which 
the nutriment of the orop is ohiefly derived may be deficient in 
lime. In oases of this kind, lime should be applied in the form 
of a heavy oompost. Eoad-sorapings ore often found a useful 
applioation to land suffering from the phyuoal effect of over- 
liming, but which is in actual want of calcareous matter. 

The ohemioal action of lime upon soils is most important. 
Burnt lime, chalk, and marl combine with, and render innocuous, 
various hurtful acids which occasionally occur in soils, but more 
especially in undrained lands. Fanners well know that lime 
tweetens (to use their own term) their lands, and that it pro- 
duces on meadows and pastures sweet and nutations herbage. 

Quicklime acts chemically upon some of tbe rocky parts of 
sofls, and hastens their disintegration or decay ; in this way 
lime liberates a portion of the fertilising matter contained in 
the coarser portion of the soils. 

Every feridle soil contains a large amount of organic matter, 
fonned ohiefly from plants and parts of vegetables more or less 
decayed. Daring ^e decomposition of the organic matter 
(humus, or mould) its constitaents enter into new combinationB, 
and ulidmately pass into their original mineral condition of 
oarbonio dioxide, water, and ammonia, and earthy and saiine 
matters. The p^ect decay of orgamio matter only takes {Jace 
when air is present ; and hence the more porous a soil is, the 
more qmokly does its hwnus decay, becmue there is an abundant 
oiro^tion ^ air in the soil. QniokHme also hastens the decom- 
position of crgranlo matters, converting thebr nitrogen (combined 
with a portion of their oxygen) into nitric anhydride, which, 
uniting with lime, produces calcic nitrate (nitrate of lime) — a 
valuable source of nitrogen to plants. When soils contain an 
excessive proportion of organic matter, they ore greatly bene- 


fited by an abundant appUeation of lime. A inngle “ dreaiAiig ** 
of lime to an unproductive bog or peaty moss Mm produoes a 
fine and spontaneous orop of white olover. 

lamest^, gravel, marls, and shell and ooral sand owe 
their efficacy almost wholly to the oaloio carbonate wbidb they 
contain. They neutralise the sour Uquids in undxained and 
boggy soils, and they supply lime to tiio crops. Shell and oorml 
Muds are well adapted to poor heathy lan<& ; limestone-gravel 
is an excellent agent in Iffie reclamation of bogs. Marls and 
ohalk have a wide applioation, and may be always used wherever 
the soil is deficient in lime. Limestone containing a small pro- 
portion of magpiosia may bo employed in agriculture ; but dolo- 
mite, or magnesian limestone, should not be used, for when 
burned and slaked its hydrate forms a hard mass instead of a 
powder. 

Qnioklimo exposed to the air absorbs — ^but very olowly — ^the 
atmospherio oarbonio dioxide, and in part becomes caloio carbo- 
nate — a compound which on the whole is not nearly so nsef nl m 
agriculture as burnt lime. The sooner Ume is used after it 
oomes from the kiln the better ; and its conversion into oaloio 
carbonate should be impeded by preserving it in large heaps. 
A thin layer of quicklime soon loses its oanstio properties. 

The quantity of lime applied as a prime “ dressing ” per 
statute acre varies; the longer the land has boon without a 
liming, the greater is the quantity of lime which it requires. For 
medium and stiff soils 150 bnshels are probably tbe minimum, 
and 300 bushels the maximum, quantity with which the best 
results may be effected. In the case of light lands 70 or 80 
bushels will in general suffice. Wet land requires more lime to 
produce a given effect than is necessary in the case of wot soils ; 
and here we have another instance of the many economical 
results of drainage. When the soil has been well limed it will, 
as a rule, bo bonofitod by a moderate applioation of the earth 
once during each rotation of crops. 

The proooBses of “paring “ and “burning,” at one time con- 
sidered to be in almost every oase injurious, are now admitted by 
scientific agriculturists to be often very useful, when properly 
carried out. Good soils seldom contain more than 10 por cent, 
of organic matter ; but bogs often include 95 per cent, (exclud- 
ing water) of partially decomposed vegetable matter, and only 
5 per cent, of mineral matter. When bogs do not furnish fuel 
(turf or peat), or when that part of them which is generally used 
as fuel has been exhausted, their excess of organic matter is 
sometimes best got rid of by burning it. In general tbe com- 
bustion rfiould be allowed to extend downwards to the depth of 
from 3 to 7 or 8 feet. The less mineral matter contained in the 
peat, the greater is the quantity nooessary to bo burned in order 
to obtain a sufficient quantity of ashes to mix with the nnbumod 
turf. Marshy land, and soils containing mosses and other weeds 
and. coarse herbage, are improved by burning their surface ; the 
weeds and their seeds are hereby destroyed, and their ashes in- 
crease the fertility of the soil. Burning is sometimes one of 
four processes employed in the reclamation of bogs ; the others 
being drainage, liming, and the application of sand or clay. 

A common defect of clays is their extreme plasticity and adhe- 
sivonoss. Their particles lie so closely together that air and 
water cannot freely circulate amongst them. If we snbjooted a 
piece of clay to intense heat, it would assume a glassy or slag-like 
condition ; but if we heated it moderately, it would only become 
a dry, porous, and friable mass. Now, by burning heaps of 
weed, cinders, or coal-dust on clays (selecting very dry weather 
for the operation), we can greatly improve their texture, and in- 
crease their productive capacity. After such an operation the 
air gains aooess to the interior of the soil, and prepares from its 
rooky particles the fine fertilising powder which, as we have 
already stated, is the chief sonroe of the ash, or inorganic con- 
stitnents, of plants. 

TECHNICAL DKAWING.--^XIX. 

DBAWING FOB MACHINISTS AND ENGINEERS. 

MXCHANXOAL DRAWlNa. 

Fig. 202 is a drawing of a simple fly-wheel of a winch. 

Draw tbe oireles A and B for the outer and inner edge of 
rim. 

Divide the circle b into six equal parts, and draw the c 
meters c £>, s H, a v, or radii o, K, v, d, h. a. 
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Next draw the olrcW i and J, and alflo the oirole i* the edge 
of the boas being berelled. 

A portion of the inner oirole^ representing the end of the 
shaft, is then to be slightly flattened, and the key by which 
the wheel is fastened is to be added. 


To And the points from wMoh the ares are to start fr^ the 
straight ^es, describe a oirole passing through n o, catting the 
sides of the other five arms in the required points. 

Simiiarlys tlie arms at their base are united by an arc, which, 
in a subject as small as this, may be struck with any convenient 



Midway between the radii, on the circle i, sot off the points 
II and It for the width of the inner ends of the arms. 

On each side of the radii set off on the oirole b, gk, g I for 
the width of the arms at their outer end. 

Draw X h and L I, and repeat the process on caoh of the 
radii. 

The arms do not, however, meet the rim in a sharp point, 
but the straight lines are joined to the circle by means of a 
small arc, shown at K and o. These arcs are to be drawn as 
already shown in Figs. 180 and 181. 


I radius from some point on the line bisecting the angle. In a 
drawing on a larger scale, the arc would be drawn by the 
method shown in 1^. 200. 

These curves should not again form angles at the points 
where tirey meet the straight Hnes, which would be the ease if 
I drawn too flat, as in Fig. 203. ^e arcs ^ould be so drawn 
that tire curve merges imperoeptibly into the straight lines, as 
shown by the dotted portion. 

From one of the points in which tiie radii out the oirole B, as 
£, set off the distance v f, x q. 
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Erpm P and g set off the length p Q on the radii, and from p 
and Q, with ra^os f q, describe arcs ontting each other in B, 
and from this the arc f Q may be stmok, representing the oorre 
formed by the arm meeting the rim, which is rounded off to a 
semi-oiroolar section at its inner and oncer edges, as will be seen 
in the edge eleration (Hg. 204). This last is pojected from 
Fig. 202, and should drawn upon a centre line, whilst the 
centre line for the handle is drawn from the centre of the end 
of the handle* 

Fig. 205 is a geometrical elevation of a Y-threaded screw, as 
rendered in mechanical drawings in the general course of busi- 
nesQ, This is entirely a oonventional method, generally used in 


the elevation of a cylinder such as would remain if the thread of 
the screw were turned completely off. This is called the inner 
cylinder. Again, the perpendiculars n and c give tiie elevation 
of a cylinder which would just contain the screw ; this is called 
the outer cylinder. 

Now set off on the central perpendicular a number of divisions 
equal to half the width of the thread — viz., f, o, h, i, j, etc. 

Through these points draw oblique parallel linos, taking care 
that their inclination is not too much to be inconsistent with 
the pitch of the screw, of which more will be said in another 
lesson. 

These oblique lines are to extend alternately across the inner 





Drawing, for, in reality, the line which forms the 
thread of a screw is one which, in ascending, winds round a 
<7linder, and is termed the lielix. The rapid method shown in 
this ffgure is, however, found so very useful that it is thought 
desirable to make the student acquainted with it in this place, 
in order that he may be able to draw subjects in which the 
screw may be introduoed ; but the correct method of projecting 
screws will be worked out farther on. 

Dxaw a central perpendicular, and at the base construct the 
rectangle representing the head of the screw, the curve at the 
bottom being stiruck from a point on the centre line. 

On each side of ▲ set off Imlf the diameter of the screw — ^viz., 
A B and A 0, and draw perpendiculars from these points. 

Next set off from A, A B and A B, and erect perpendiculars 
from these ]^ints also. The perpendiculars x> and a will give 


and the outer cylinders, and the angle of the thread is formed 
by joining their extremities. 

The mode of starting the screw at the head and of termi^tmg 
it at the end, etc., will be understood from tbe example without 
further remarks. , . 

Figs. 206, 207.— The subject of this study is a hexagonal nut, 
showing also the end of the screw and washer. 

Having drawn the plan (Fig. 206), project the circular washer 
from the diameter ab, and draw the horizontal o D (Fig. 207) at 
the proper height. 

It will be seen that the nut is a portion of a hexagonal 
prism. The full working out of the projection of prisms has 
b^ given in the lessons in Projection.” 

Next project the perpendiculars Be, f/, a g, and K h from 
the points b, f, and k on the plan^ 
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HVbm I (Fig. 207)) with rtodmg ij, deaoribe the aro /g, which 
wffl gire tho curved edge o£ the £aoe of the nut) which i« parallel 
with the yertioal plane of projecUon. 

This arc, of course, is same on each of the faoee ; but does 
not appear so on the other two which stand at angles to the 
plane of projection. It is therefore necessary to find points 
through which to draw the curve as it appears. 

Divide one*half of the lino f a in the plan — viz., f j.— into 
any number of equal parts, as k, l, etc., and from these points 
perpendioularS) cutting the arc fj in h and Z. 

Now divide tho side represented by n f in the plan into double 
the number of parts marked on f j — viz., k', j*, l", and 

from these points raise perpendiculars. 

Draw horizontals from j, Z, Ze, cutting the perpendiculars, and 
ttirough these intersections ^e curve is to bo traced. 

In common practice it is usual, however, to draw this curve 
with tho compasses, which may be executed in tho following 
manner : — 

Draw a poTimndioalar from ic in tho plan to cut a horizontal 
drawn at j in ; then find a centre for a circle to pass through 
f , isf, and h — ^viz , w. Then from n, with radius N <7, an arc 
used as a rapidly-executed substitute for tho curve e f f can 
be drawn. 

The screw is to be drawn as shown in tho last figure. 

Fig. 208 is a conventiunal representation of a square-threaded 
scoreWi 8»8 commonly used in practice. It must, however, bo 
distinctly understood that this method, like that shown in 
Fig. 205, is only admissible in drawings on a small scale. 

The method of drawing this figure is, in tho first instance, 
precisely similar to that employed in tho V-threadod screw ; the 
oblique lines, however, are all drawn across tho outer cylinder, 
and the alternate pairs united. 


SEATS OF INDUSTRY.-] \ . 

By H. B. Fox BouaNS. 

XAWCBBSTEB A.ND ITS SUBURBS : THSIB MINOR INDUSTRIES. 

To the cotton manufacture of the Manchester district all its 
other trades ore subordinate, yet many of those are very im- 
portant, and conduce greatly to tho welfare of the locality and 
the whole oountry. 

Chief of these are the hardware trades by which suitable 
m ao hi n e iy is supplied for the working-up of cotton. Man- 
ohmter, indoed, vies with Birmingham in the more polished and 
delicate branches of iron manufacture. In its neighbourhood 
are some of the largest and most skilful machine-shops in the 
world, and the demand for tools, whioh has caused great tool- 
making establishments to be there set up, has at length made 
Manohester a centre of iron-trade with far-off regions and in all 
varieties of iron -ware. Manohester had, in 1860, 48 iron foun* 
dries and 63 maohinists’ shops, giving employment to about 
12,000 workpeople, wliile some 60,000 persons were employed 
in its 95 cotton mills, and it had, besides, 13 silk mills, with 
about 2,000 labourers, and 16 small* ware mills, giving employ- 
ment to nearly as many. Those figures fairly indicate tho 
r^iive value of the principal industries, not only of Manohester 
itoelf, but of aU the district round about. Everywhere cotton 
is chief, but silk and wool are also worked up, and in greater 
proportion as we pass from Manohester in the direction of the 
wcmllen province of Yorkshire or the silken province of Derby- 
shire ; and everywhere engineers are at work oonstmeting mil1 » 
and tools for the textile manufactures. 

No better representative of ibis iron industry can be found 
thaii the Frirbaim Engineering Company in Anooats. The 
veteran engineer whose name it bears was, indeed, to some 
<a^ nt the father of the whole trade, When I first entered this 
he said of Manohester in 1816, **the whole of tho 
mae^eiy was executed by hand. There were neither planing, 
skMng, nor shaping machines, and, with the exception of very 
impftt fyt lathes and a few drills, ihe preparatory operations 
of construction effected entirely by the hands of &e work- 
m«. Now everything is done by maohine-toola, with a degree 
^accuracy which the unaided hand could never aooompBrii. 
The automattm, or self-aoting machine-tool, has within itself an 
ahnort creative power — ^in fact, sp great are its powers of 
adapta t ion that there is no operation of the human hand that 


it does not imitate.*’ lu working out that change, Sir William 
Fairbairn himself did much. He had mastered his trade 
in London and elsewhere, before at the age of twenty-four he 
settled in Manchester as a working millwright. In 1817 he 
entered into partnership with a shopmate, James Lillie, and they 
began a small business of their own. Paying 12s. a week for a 
small shed, in whioh they set up a lailie of their own oon- 
struotion, they did various odd jobs until more important work 
came in their way. They had not long to wait for that. A 
large commission for mUl-work from Adam Murray, a great 
ootton-spinner, was so well executed that other commissions 
became plentiful. Sir W. Fairbairn led tho way in many of the 
improvements in mill-work and machine-making that have been 
effected during the last half century; and where he was not 
himself the inventor, he succeeded in giving full effect to the 
inventions of others. He came to be not only the chief en- 
gineer and machinist for the Manchester cotton industries, but 
a great iron-worker for all the world. He was one of the 
first to develop iron ship-building in 1829, and there ore few 
branches of the iron trade in which he was not engaged. Hia 
help to the ootton-spinners, however, was sufficiently important. 
** In 1815,” he said, a few years ago, “ the shafts of our cotton- 
mills were moving at 40 or 50 revolutions a minute, whereas at 
the present day we have as many as 300 and 350. The same 
number of revolutions are applicable, and now in use, for 
lace and silk. The extensive employment of wrought-iron for 
shafts and tho slide-lathe has given wonderful faoiUties to the 
production of shafts for inoroased velocities, with reduced 
friction, by the transmission of great power through a com- 
paratively small section. In some of the more recent mills 
of my construction we have shafts only two and a-half inches in 
diameter conveying the power of a 40-hor8e engine.” It 
was by that sort of work — ^by making strong, yet light and 
slender iron do the duty formerly assigned to clumsy wood, and 
by carefully fitting all the parts together, so as to receive as 
much power and os little waste as possible — ^at Sir W. Fairbairn 
helped to bring about a revolution in all varieties of mill-work. 
The large establishment whioh still bears his name now oom- 
prisos five great divisions. There is a foundry and forge, 
provided with steam-hammers, for wrought-iron. There 
is a boiler-yard, with machinery for rivet-making, shearing, 
and punching, and a bridge-yard, with similar appliances; 
there is a millwrights’ department, stocked with blacksmiths’ 
forges, turning, planing, and fitting shops ; and there is an 
engine department, able to produce steam-engines of every size 
and variety required. 

Establishments like that of the Fairbairn Engineering Com- 
pany abound in Manohester and all tho adjoining districts. 
Some adhere more closely to Sir.W. Fairbairn’ s original project, 
and confine themselves to millwrights* work. Others help the 
cotton-trade by .other kinds of metal-handling. Here, a great 
factory is devote to the construction of weavers’ tools. There, 
the work done is chiefly limited to tho making of steam-engines. 
There, again, it may be, only the rough iron-work for nulways 
is done. But everywhere the grand motive is the same — tho 
increasing of facilities for bringing to the Manchester district 
its great stores of ootton-fibre ; for turning it, when there, into 
cloth ; and then for conveying it most promptly and easily to 
other parts. 

The extension of the silk trade to the Manchester district 
owes its origin to the old habit of blending silk and ootion in 
one fabric. Macclesfield, seventeen miles south of Manohester, 
is tho chief resort of silk-workers in this neighbourhood. Here 
the trade has been of very long standing. Although benefited 
in one direction, it has been damaged in another, by the spread 
of cotton manufacture. The Macclesfield silk ti^e was at its 
height between 1808 and 1825. In 1819 the first silk-mill in 
Manchester was set up by Mr. Vernon Boyle, and in that year 
it was reckoned that the town contained about 1,000 weavers 
of mixed silk and cotton groods and 50 workers in pure aUk. 
In 1832 it gave employment, in pure and mixed manufaottire, 
to about 3,600 hands, while the total number of men and Women 
oonoemed in the trade throughout the Mandhaster dUrfriot was 
nearly 70,000. 

The number of other trades, more or less dependent on the 
cotton manufacture, that have g ro w n up in this groat ptovinoe 
is legion. Amongst the textile fabrios,” says Mr, Hariand, 
**are those, single and mixed, of wooUens, worsted, stuff, 
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fbinti«l, etc*, ixudnding blankets ; of linen, alone, or mixed with 
cotton, wool, or silk ; yelveta, table-cloths, and damasks ; 
oounterpuies and quilts ; nankeens, jeans, etc. ; crapes and 
bombazines, muslins and mousselines-de-laines, shawls and 
mantles— "'in short, every kind and variety of textile fabric is 
manufactured in Manchester. Amongst more miaoeUaneous 
manufactures are those of hata and caps, umbrellas and para- 
sols, india-rubber, gutta-percha, and other waterproof and air- 
proof fabrics. In copper and brass are various manufactures, 
especially of rollers for calico-printers, boilers, steps, etc. ; in 
tin, all l^ds of wares, including boxes and oases for enclosing 
goods for hot dimatea ; paper for writing, printing, and packing. 
In short — including the trades and handicrafts whose produce or 
productions are in demand everywhere, and those which may 
be termed the agencies between producer and consumer — there 
are from six to seven hundred varieties of occupation in Man- 
chester, supplying all the numerous wants of a high material 
tsivilisation.** Of all that, cotton is the chief cause ; but the 
cotton manufacture could not have attained its vast proportions 
in this district, but for the proximity of cool and iron with 
which to work it, and the presence of that perseverance and 
enterprise which oharaoterifies the population as a whole, and 
has enabled it to send out from its ranks so many men of 
eminence. Inventors and discoverers— a great number — have 
arisen in Manchester and its far-reaching suburbs; potable 
merchants and manufacturers in yet greater number ; and not 
a few skilful statesmeu, with Sir Robert Feel at their head. 

The eminent Scotch engineer who established the Fairbaim 
Engineering Company was bom in 1789. He was elected Pre- 
sident of the British Association in 1860, created a baronet in 
1869, and died in 1874. He wrote some valuable works on 
mills and mill-work, and ** Iron, its History and Manufacture.*" 


THE ELECTRIC TELEGRAPH.— V. 

OfTHEB FAULTS — CONTACT — DEFECTIVE EARTH— LIGHTNING 
GUARDS — MODE OF RENDERING SIGNALS INTELLIGIBLE — 
SINGLE NEEDLE INSTRUMENT — CODE. 

Besides the faults to which we referred in our last paper, there 
are a few others of common occurrence, the effects of which 
must be explained in order that we may bo able at once to 
detect them. Perhaps the most common of these is ** contact’* 
between two of the wires connecting any two stations. This 
is sometimes produced by damp weather enabling the current 
to escape along the surface of the insulators, and is then known 
as “ weatiier oontaot.** More frequently, however, it arises 
from one of the wires becoming so slack as to touch against 
another, or else from some electrical connection being acci- 
dentally made between them. 

A fault of this kind is very easily recognised. The current 
leaves the transmitting station, deflecting the needle there as 



usual. At the fault, however (r, F^. 19), three courses are 
open for it, and it accordingly ^vides between them. One 
portion ooni^uea to travel along its own wire, and deflects the 
needle at the receiving station, but less powerfully than usual, 
since much of tW current has escaped another way ; a second 
portion passes by the place of contact, and returns along the 
second wire to t^ sending station, deflecting there the needle 
of the other enrouit, but in the contrary direction ; the third 
portion tov^ along the same wire to, the receiving station, 
deflecting the second needle there. These effects are more or 
less modSfied by the varions resistances the different oirouits, 
stQl are so ebvaovui as at once to indicate the nature of 
the fault 


Another cause of failure is ** defective earth** at the receiving 
station. The communication with the earth-plate is in this 
case either broken or defective, and a portion of the onrrent 
accordingly returns by other wires, deflecting iheir needles in 
the reverse dkeotion to those in the regular oirooit. This fault 
is liable to be mistaken for oontaot. 

The only other fault we shall refer to is demagnetisation 
of the needles or other injury to the instrument. The most 
common cause of such failure is that the lightning has struck 
the line in some part, and passing along it has injured the 
instrument. A needle which cannot be demagnetised in this 
way has been introduced by Mr. Spagnoletti. Its polos are 
separate blades of soft iron, each magnetised by induction from 
the pole of an electro-magnet placed near. 

Lightning in its effects is found olosely to resemble frictional 
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electricity. If we have two pieces of wire, A and B (Fig. 20), 
connected together by a spiral of fine wire, i>, and also having 
connected to thorn two pieces of wire ending in small balls (c) 
which nearly touch one another, any galvanic current will pass 
through the spiral, since it cannot leap across the break be- 
tween the two balls, however small it be. Frictional electricity 
would, however, at once take the more direct course, and leap 
over tee small interval at c. This, teen, is tee principle on 
which most lightning conductors act, and Fig. 21, which repre- 
sents Breguet’s Lightning Discharger, shows ns one mode in 
which this principle is put into practice. 

Two plates of metal out at the ends into teeth resembling 
those of an ordinary saw are fixed to a wall, so close to one 
another that their teeth almost touch. The line-wire, L, is oon- 
nooted with the one of these seen on the left, and tee current 
passes along tee plate to the piece of metal a, and thonoo along 
a i)ieoe of fine wire, contained in a glass tube, to the screw 
b and the instrument. Another wire, jr, leads from the right- 
hand plate to the earth, so that if the lightning strikes the lino 
tee electric fluid will dart from the points and travel on to the 
earth by this wire. Should this wire fail to carry off all the 
current, the thin wire in the glass tube is fused by it, and thus 
it is prevented entering the instrument-room and injuring the 
instruments there. The fine wire can, of course, be very easily 
replaced. The object of the handle seen attach^ to one plate 
is that during a storm it can, if required, be turned so as to 
afford a direct communication between the two plates, and thus 
out the instruments for the time entirely out of the oirouit. 
In some forms of lightning protector a thin wire, like that 
enclosed in the glass tube, is depended upon alone for protection, 
since any current of electricity like that produced by a flash 
of lightning would instantly melt this wire, and thus save the 
instruments. In tee protector which we have explained pro- 
tection is afforded in both ways, and it is therefore doubly safe. 
Many other forms of lightning discharger are employed, but 
nearly all act in a similar way, and we need not, therefore, stay 
to explain the peculiar ooustmotion of each. 

We have thus seen the way in which the electric current is 
generated, tee manner in which it is conducted from place to 
place, and the precautions which have to be taken to prevent 
its escape. We have also seen the nature of the more common 
interruptions in any electric circuit, and we must teerefore pass 
on to that which is perhaps the most important point of all — 
the manner in which an electric current may be nmde to pro- 
duce intelligiblo signaJs at a distant place, and the construction 
of the instruments teat are employed for this purpose. 

An electric current is capable of producing many diAwent 
effects, as we have already seen in our ** Lessons on Elcotrioity ** 
in The Popular Educator. It will convert a bar of soft iron 
into a magnet, or cause a compass needle to point in a different 
direction; it can be made to decompose water and various 
chemical substances, or to render a |fleoe of flue wire red-hot, 
and to produce many other results. Many of these effects axe 
capable of being employed as a means of transmitteig our 
thoughts and messagaa, and in fact there are few of teem that 
have not so been employed at different tiines and by vaxlona 
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inyentors. The number of ihstmments that have been intro- explained in our next paper. We will here aMome that we have 
dnced ifl, therefore, very large indeed, and there are many varietiee the power of sending at pleasure either a podtive or a negative 
which are etill in constant nse. current. All the needles along the line of wire wiU aooordingly 

The three effects of the current which have been by far most act simultaneously, and be deflected in the same direction. We 
” ’ * ^ ’ possess, then, two distinct signals — ^viz., an in- 

clination of the needle to the left or a similar 
inclination to the right. The lowmr end of the 
needle is so weighted that as soon as the current 
ceases it shall return to its original vertical 
position. 

From these two signs, then, we have to construct 
an alphabet, and this is not a very difficult task, 
since we can give two or more oonsecutive beats 
in either direction, or in alternate directions. No 
letter is found to require more than four such 
beats, and by carefully arranging the letters so 
that those most commonly employed are represented 
by the simplest signs, we are enabled to send mes- 
sages with an average of a little more than two 
inolinatioxis for each letter. A trifling pause is 
made between eaoh letter, and a somewhat longer 
one between the words ; but after a little praotioe 
it is easy to read off messages, even if some of 
these are omitted. 

The code of signals is, of course, purely arbitrary ; 
a standard one has, however, been settled on, and 
is now almost universally adopted, sinoe great 
practical inconvenience is found to arise from the 
use of several independent codes. That originally 
introduced for the single needle instrument has now almost 
used in telegraphy for the transmission of messages, three entirely given way to a universal one, based on that employed 
distinct parts are neoesaary: these are (1) the transmitting with ^e Morse’* instrument. This latter is seen on the 
instrument, (2) the receiving apparatus, and (3) the alarum. face of the instrument shown in Fig. 22, and will easily be un- 


generally used in ielegritphy 

1. Its power of reversing a magnetised needle. 

2. Its power of converting a bar of iron into a 

magnet. * 

d. Its power of decomposing various ohomioal 
substances. 

Perhaps the first is the most simple effect of all, 
and needle instrnments** which depend upon it 
are so exiarexnely common that we will take these 
first, and endeavour fully to understand their con- 
struction and action. 

The brood principle on which they act was dis- 
covered by Oersted, and is simply this — that if an 
electric onrrent be made to pass ^ong a wire placed 
near a magnetised needle, that nee^e, in8tea<l of 
pointing to the north, will point to one side of it ; 
and if the current be made to pass along the wire 
in the reverse direction, the needle will point to 
the other side of the north. If, then, we have 
such a needle at the receiving starion, and possess 
the means of sending at pleasure a positive or a 
negative current, we can cause this needle to be 
deflected to the right or left at pleasure, and 
from these two signals we can form a code by 
which any letter in the alphabet can be sent. 

In the needle instrument, as in all other kinds of instruments 
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It might be thought that the last- 
named part is indispensable, but this is 
not the cose, since the click of the needle 
might call the attention of the clerk in 
charge to the fact that a message was 
coming. This is, however, very unsatis- 
factory, as an important message might 
bo seriously delayed by the clerk not 
hearing this; an alarnm is thoreforo 
always employed. It consists of an ap- 
paratus by which the current is made to 
ring a bell in a manner that will here- 
after be described. It would, however, 
be very undesirable that this bell should 
continue to ring all the time that the 
message is being received, and an arrange- 
ment is therefore made by which it may 
at pleasure be out out of the circuit, a 
more direct path being then provided for 
the current. 

The usual plan is for the oirouit, under 
ordinary (nreumstanoes, to be completed 
through the alarum. As soon as this 
rings, the clerk, by means of a switch, 
turns the current from the alarum to the 
instrument, and receives the znossago, 
taking care, when he has received it, to 
alter the switch again. The alarum is 
often put in the same case as the instru- 
ment, but it is essentially a distinct thing. 

The general appearance of the single needle instrument is 
shown in Fig. 22. In the centre of i^e dial-plate is seen the 
needle, the play of which is limited by means of two s maU 
pins plaood one on eaoh side. The handle in the lower part of 
the instrument is for the purpose of moving the transmittiug 
apparatus, which is so arranged that when ‘ fehin ha-Tii^ln inoUned 
to the right a current is transmitted along the line in such a 
direotioii that all the needles in the oirenit are likewise deflected 
to the right, and when this handle is moved to the left a current 
is sent & the reverse direction, so that the needles are all 
deflected to the left. When a motion of the needle in either 
direction is tpokeil of, it should be remembered that it is the 
upper end of the needle ^at we mean. 

The meohauiatn in the interior of the instrument, by which 
the current may be sent at will in either direotien, will be 



derstood from that. 

£ and T being the letters in most 
general nse, are represented by single 
beats of the needle to the left and right 
respectively. A N, and N each require 
two beats, while all the rest of the alpha- 
bet require three or four. 

By a few examples we shall very easily 
learn the meanings of the marks on the 
instrument face. A is indicated by a beat 
to the left, immediately followed by one 
to the right ; B by one beat to the right 
and three to the left. Other letters are 
more complicated than these — F, for in- 
stance, requiring 'two to the left, one to 
the right, and then one more to the left. 
The signs appear at first to be somewhat 
difficult; but a little practice soon re- 
moves this, and enables the operator to 
receive or transmit messages with con- 
sidorable speed. 

In addition to these signs for letters 
there are several others which are fre- 
quently required, and hence are included 
in the code. When a word or message 
is understood, the receiver acknowledges 
by a single beat to the right; if, on the 
other hand, ho cannot decipher the move- 
ments of the needle, he gives a beat to the 
left, to signify “ not understand.** 

Figures ore all represented by five beats, as follows : — 

xM ss/// m/ \\\\\ /m //\^ //ff\ JUt 

123456 78 9 0 

and as the signs succeed eaoh other in a regular course tho7 
are easily remembered. 

The signs of punctuation are represented each by six distinqt 
beats. O^ose for the comma and full stop are given on the 
dial-plate, and will be seen to be equivaleuft to the lettera AAA 
and III respecidvely. A note interrogation (F) is repre- 
sented by the signs for XT D ; inverted conunas (** **), by those 
for AF; a hyphen (-), by B A; an apostrophe (*), by W 0; 
and parentheses 0, by K K. In each of these oases iffie beats 
suoo^ one anotto without any pause, and the letters are 
merely given as an aid to memory. 
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VEGETABLE COMMERCIAL PRODUCTS.— X. 

INDUSTRIAL AND MEDICINAL PLANTS. 

I. — TBXTILl PLANTS, OB PLANTS PBOM WHICH WB DXBZVB 
CLOTHINO AND COBDAGB. 

Wb are indebted to the vegetable kingdom for olotbing as well as 
food. At what time man dret dieoGvered the meana of forming 
artioles of clothing from the fibre of plants is not known, 
bnt the praotioe is very ancient. It was understood in the time 
of the Pharaohs, more than 1,600 years before Christ. Flax 
is thus aUnded to in Genesis xli. 42 : — “ And 
Pharaoh took off hit ring from his hand, and pnt ^ 

it upon Joseph's hand, and arrayed him in vea- 
tores of fine linen." It is not improbable that 
flax was cultivated even in pre-historio periods. 

It formed both the gaimenta and grave-clothes of 

the inhabitants of ancient Egypt ; for the micro- ^ 

scope shows that the oere-oloth which envelopes ^ 

the Egyptian mummies consists of the fibre of ^ 

flax. Wo, therefore, place it first on our list of 

textile plants, as the one of which we have the 

oldest hUtorio record. . 

COHHON Flax (Linum tmfatisoimum, L. ; 
natural order, Linacea). — ^This plant is a smooth y 

flbrons-rooted annual, about two feet high, with 
sessile, alternate, lanceolate leaves and terminal 
bine flowers, in corymbose panicles. Ovary glo- 
bular, five-o^ed, ea^ cell containing two smooth, 
oval, brown, and glossy seeds. leavss and 

Flax has a very remarkable geographical range, 
thriving in the temperate, snb-tropioal, and even 
tropical regions. It is cultivated not only in the United King- 
dom, but in every part of Europe, in Egypt, and in India. 
Formerly every rural family in' England cultivated as much flax 
as was required for domestio purposes ; now the spinning-wheel 
has been anperseded, and both linen and cotton goods are 
manufactured by steam machinery in the greatest abundance, 
in every variety of pattern, and with much less time and labour. 

To obtain the fibrous or woody tissue of flax, the plants, after 
flowering, are first pulled up, ^ed in the sun, collected, and 
then soaked in water to destroy their green onto bark. This 
process is called water-retting, the word ** retting " being a cor- 
ruption of rotting. The tough fibres of the staUcs are thus set 
free, are again dried, and then scutched, or beaten with a heavy 
wooden instrument, which completes their separation. After 
this they are heckled, or drawn 
through the combing apparatus, 

t next bleached, and, lutly, handed 
over to the spinner. 

From flax so prepared, coarse 
linen fabrics are mannfaotured ; 
but the flax must be heckled seve- 
ral times through much finer combs 
to render it fit for the manufacture 
of fine linen, lawn, or lace. Tow 
consists of the rough and broken 
fibres detached from the skeins 
dnring the combing process. Linen 
when scraped is termed lint, in 
which form it is very valuable to 
na BAZKT snan or tbs ^1^9 surgeon as a dressing for 
ootTOB riAxt. wounds. 


I which sail-cloth, sacking, and every variety of cordage are 

I The hemp-plant is a native of Persia and of the northern parte 
of India, whenoe it has been introduced into Europe, where it is 
now extensively cultivated, eepecii^ in Bussia. like flax, 
hemp has a very extensive geographic^ range, growing in almoet 
any country and climate. It thrives admirably in North Amerioa 
and in Africa, and is fonxid both in a wild and oultitated state 
from Northern Russia to tropical India. 

When growing in warm oonntries the value of the hemp is 
much diminished, and another quality is deve- 
loped — ^it becomes powerfully narcotic, and its 
A leaves, flowers, and stem become covert with a 

H jK peculiar resinous secretion called chumit in Ludla. 

^ /// Arabs this resin is called hasihitihj and 

during the Crusades, men intoxicated purposely 
with it, called hoshifhim, used to rush into the 
camp of the Christians to murder and destroy, 
m wiionce OUT word assassin is derived. Hemp is 

^ oujployed In other forma besides churros as a 

narootio. The whole herb, resinous exudation in- 
^ eluded, is dried and smoked under the name of 

. ^ gunyah or thong, when the larger leavee and cap- 

^ sales only are employed. The Hindoos of Briidsb 

^ India, and the Bushmen of Southern Afirioa, 

smoke these preparations in rude pipes, as we do 
cigars and tobacco. These pipes are about three 
inches in length, and are usually made out of the 
Birns or the canine tooth of some animal, perforated 

PLAWT. quite through, leaving only the enamel The 

general effects of tropical hemp on the i^patem, 
! when smoked, are alleviation of pain, great increase of the 
' appetite, and much mental cheerfulness. 

; From experiments made with ohnrrus, it would seem that the 
fakeers and other religious devotees of India are indebted to it 
I for their ability to perform some of their wonderful feats. One 
j of these experiments is thus described by Dr. O'Shanghnesay 
— '* At two p.m. a grain of the resin of hemp was given to a 
rheumatic patient ; at four p.m. he was very talkative, sang, 
called loudly for an extra supply of food, and declared hiinaelf in 
perfect health ; at six p.m. he was asleep; at eight p.m. insensiblo, 
I but breathing with perfect regrularity, his pulse and skin natund, 
I and the pupils freely contractile on the approach of light. Hap- 
pening by chance to lift up the patient’s arm, to my astonishment 
I found it remained in the posture in wla> \\ I it. It 

required but a very brief exami- 
nation of the limbs to find that 
the patient had, by the influence / 
of this narootio, been thrown into ^ s 

that strange and most extraordi- , 
nary of all nervous conditions, ^ 

genuine catalepsy. We raised 
him to a Bitting posture, and ^ , J 

placed his arms and limbs in 
every imaginable attitude. A 
waxen figure could not be more 
pliant or more stationary in each 
position, no matter how oontr^ 
to the natural influence of gravity 
on the part: to all impressions Wtm 

he was meanwhile almost insen- sxenoH or sssn or tbb 
sible." Similar results were ob- oottob puivt. 




About 1,292,701 cwt. of flax, 
jessed and nndressed, were imported into the United Kingdom 
in 1886, chiefly from Bussia, Egypt, Turkey, Italy, Bel^um, 
and Holland. We also raise flax largely ourselves, especially in 
Ireland, where it is one of the staple commodities. 

Hbhp {Cani^is sativa^ L. ; natural order, Ur^eocecB).— -Tbe 
hemp-plaut is a tall, roughish annual, with a stem from five to 
ten fe^ in height, and digitate leaves, with five to seven linear- 
lanceolate, ooarsety-tooihed leasts. The flowers are green and 
inooiispiouons, in compound racemes or panicles, and monosoious, 
that IS, the stamens ,and pistils are in separate flowers on the 
same plant. The se^ is produced in great abundance, and is 
used for feeding small birds. The fibres of the stem are much 
longer and stronger ilum tiioae of flax, and when separated and 
prepared (in a manner very similar to that adopted with flax, 
and already described) oemstitate the hem|> of commerce, from 

20 — N.E. ^ 


tained from experiments on ani- 
mals. As soon as the influence of the drug ceases, the patient 
recovers, without having received any injury from its effects. 

The narootio hemp of worm climates was, owing to its peon- 
lisrities, thought to be another species, but it is now known only 
to be a variety, and is distinguished as Oanno5ta satwa^ variety, 
indica. 

The imports of hemp into the United Kingdom in 1886 
were 1,209,903 cwt., chiefly from Bussia, Hungary, Northern 
Italy, tile Philippine Islands, and British India. The best Hun- 
garian hemp comes from the district of Peterwardein, under the 
name of Solavonian hemp. From Italy we receive, in small 
quantities, a remarkably fine variety, raised by spade culture, 

I called ** Italian garden hemp. 

* ** Popnlar Bconomio Botany/* by T. C. Archer, pimpe 153. 
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In addition to 8ail«dotha cordage, a coaree brown paper 
is made from hemp. Oakum consists of tarry hemp, procui^ 
by untwisting old worn-out ship ropes, and is a most invaluable 
substance to the ship^s carpenter, who uses it as stuffing with 
which to stop any l^age in the vessel during the course of 
the voyage. Seams of timber-built ships are also caulked with 
oakum. , 

Cotton Wool (the woolly covering of the seeds of several 
species of Qo8§ypium: natural order, MalvncfiOB). Muohunoer^ 
tiunty prevails amongst the best botanists as to the number of 
species of (Shstypium which furnish cotton. LinnsBus has de- 
scribed five, Lamarck eight, Wildenow ten, and De Candolle 
admits of thirteen. The cotton of commerce, which consists of 
the hairs attached to the seeds, and is therefore cellular tissue, 
appears to be derived mainly from three species, designated as 
the cotton herb (GoBaypwm hsrhaeeunt, L.), the cotton shrub 
indicum)^ and the cotton tree {Qotaypivm aurbo^ 

rsim). 

1. Cotton Herb {Qo$$ypwim herhaceumy L.). — The greatest 
amount of cotton is deriv^ from this species, which is the best 
known and moat widely spread. It is an annual, and cultivated 
in the United States, India, China, and many other countries. 
It grows from three to four feet in height, having sub-cordate, 
throe- to five-lobed, alternate leaves, and pale-yellow flowers 
resembling those of the mallow ; the stamens are monadelphons, 
or united into one bundle by their filaments, and the pistil has 
a three-oelled ovary. 

After the plant has done flowering, a capsule is formed which 
is surrounded by the calycine and involuoral loaves. This 
capsule grows to about the size of a walnut in its husk, turns 
brown as it ripens, and then opens, displaying in its three-oelled 
interior a snow-white or yellow down enveloping each of the 
three seeds lying in each cell ; altogether, nine cotton balls may 
be collected from each oapsnlo, each ball with its enclosed seed 
being about the size of an ordinary grape. 

ChineHe Nankin cotton is manufactured from a variety of this 
plant. The yellowish-brown colour of the nankin is not arti- 
ficially produced by dyeing, but is the natural colour of the 
cotton from which it is fabricated. 

The CoTi’ON Shrub {Qosaypium indiewm, Lamarck). — 
The cotton shrub is cultivated in India. It closely resembles the 
former plant in many respects, but it grows from eight to twelve 
feet high ; its flowers change from white to red, and its capsules 
are ovoid. The cotton shrub is cultivated in all countries where 
the cotton herb is found. In the West Indies this plant lives 
from two to three years, in India and Egypt from six to ten ; 
and where the climate is excessively hot, it is usually very 
long-lived. 

The Cotton Tree (Oossypiiim arhoreum). — The cotton 
tree inhabits India, China, Egypt, the coast of Africa, and some 
places in America. It grows from fifteen to twenty feet high, 
and its flowers are red. It yields a variety of cotton of a very 
fine, soft, silky nature, which is used by the Hindoos for making 
tuibans. 

The cotton plant is usually cultivated in fields, and treated 
as an annual. It is grown from seed which is placed in the 
ground in holes, sufficiently wide apart to allow for the growth 
^ the plant. The plants are carefully tended until they flower, 
which is usually eighty days from the time of sowing. The 
flowers, which are handsome, either yellow or red, and not unlike 
those of the garden hollyhock, are succeeded by capsules, which, 
when ripe, open, and the cotton-covered seeds in their interior 
are immediately removed by the cultivator before the wind is 
able to scatter them. These cotton seeds are then sent to a 
mill, where by means of a peculiar apparatus colled a pin, the 
cotton is separated from them ; they are then either kept for 
sowing again, or as material for the manufacture of oil, and 
oil-cake for cattle. 

Cotton comes to this country in packages called bales. The 
word bale is applicable to any kind of goods packed in cloth and 
ooided with rope. The average weight of each bflde is 336 lb. 

In 18B6 there were imported into the United Kingdom 
15,812,900 cwt. of raw cotton valued at £3h,128,110, by far 
the largest quanUty coming from the United States of 
Amenoa. This is made into fabrics, and a great part of it 
is in this shape re-exported ; the remainder being retained for 
home use. In 1868 the quantity of raw cotton imported was 
11,857,893 cwt. The substitution of the power-loom for the 


hand-loom has caused such an amount of prosperity to the 
cotton trade, that it is now one of the most important branches 
of our foreign oommerce. 

In business, foreign cotton is separated into the following 
varieties : — 

North American or Vwited Statea Cotton, — ^This is produced 
in the states of (Georgia, South Carolina, Alaban^ Mississippi, 
and Louisiana. The beat American cotton, which is, in foot, 
the best known in the market, is the celebrated Seo-islond 
cotton, which grows on a row of islands situated aloxig the 
coast of Georgia., The principal ports for the exportation at 
United States oo^n are Charleston, New Orleans, Mobile, and 
Savannah. 

Souih Americcm Cotton, — This comes into the market from 
the Brazils, Guiana, Colombia, Tenesoela, New Granada, and 
Peru. Almost all the West Ihdia islands, too, produce cotton, 
and indeed of a superior quality, preferable even to that obtained 
from the Brazils. 

Africcm Cotton. — Excellent cotton is received from the^Frenoh 
island of Bourbon ; Egyptian cotton has also greatly ixxiproved 
in quality recently, because the crops have been raised from 
American seed. The best African cotton is, however, grown in 
Algeria, and is remarkable for the beauty Of its colour, the fine- 
ness of its silk, the care taken in harvesting the crop, and the 
good condition in which it appears in the market. The long 
silk cotton of Algeria partakes at the same time of the oharaoter 
of the long silk staple of Georgia, and the short cottons of 
Egypt, and approaches in quality i^e finest Louisiana variety. 
Algeria is capable — if the necessary encouragement is given — 
of producing the finest cotton in the world. 

Mast Ind/ian Cotton. — This is very inferior to the North 
American, although British India, next to America, furnishes 
the largest quantity. The silk is very short, and not adapted 
to European machinery, which is framed for working the finer 
American long cotton. This cotton is raisod chiefly for expor- 
tation to China. Recently a better staple has been produced m 
India from American seed, and already a considerable quantity 
has been exported to England. East Indian ootton comes in 
little bales, very strongly compressed and corded, which are 
carried on the backs of camels, or on wagons, to the Ganges, 
and there received into boats with capacious interiors ; these 
descend the river, and take the cargo to European ships. The 
East Indian sorts known in commerce are the Bengal, Madras, 
Bombay, Surat, Siam, and Manila cottons. 

Levant Cotton. — This includes all the ootton which is received 
from ports in European and Asiatic Turkey, as well as from the 
Morea and the Archipelago. Like that from British India, it is 
of inferior quality. The principal sorts are the Smymiau, 
Syrian, Cyprian, Macedonian, and Persian cottons. Most of the 
l^t is consumed in Persia, excepting some small quaniitieB, 
which go to Bnssia vid Astraoan. 


OPTICAL INSTRUMENTS.— IV. 

BY SAMUEL 

SPECTACLES FOB THE PBESBYOPIO. 

In the normal or emmetropic eye the recession of the near- 
{ point commences about the tenth year, and ptrogresses regu- 
i larly with increasing age. At forty, it lies about 8 inches ; at 
fifty, at from 11 to 12 inches, and so on ; and no inooxk^ 
venionoe is experienced from this reoeasion till about the age of 
I forty or forty-five. This change in the near-point is met with 
! in all eyes, being also found in the healthy myopic and in the 
. hypermetropic eye, and is due to anomalies of aocommodation ; 

I while hypermetropia, myopia, and asligmatism are referable 
i to anomalies of refraction (see Figs. 6 to 11, page 160). The 
I question will be asked, When are we to consider an eye pres- 
j byopic ? Bonders has established an arbitrary standard by 
' which he considers we should regard presbyopia to have com- 
menced when the near-point is found to have receded farther 
than 8 inches. The hypermetropic eye is considered to become 
presbyopic so soon as, while using glasses which neutralise 
the hypermetropia, the near-point lies farther from the eye 
than 8 inches. This standaid also holds good in regard to 
myopic eyes, when the distance of the near-point amounts to 
more than 8 inches, and it follows ihat only to slight degrees of 
myopia can presbyopia in the ordinary sense of the word belong i 
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iHiere H sa: } it is almost imposnble, eren with total loss of the 
power of aooommodatioxL In slight degrees of mjopia, pres- 
byopia ooourg mnoh later than in emmetropic eye. Herein 
^e myopio (of to find a compensation for what they lose, 
in respect to rision ot distant objeots, and the adrantage is not 
8%ht, to find that they can, up to the age of sixty or seTenty, 
dispense with speotaoles for the obserranoe of such objeots as 
come immediate under their eyes — an adrantage never enjoyed 
by the emmetropic. 

Some persons flatter themselves that they exiQoy this privilege 
when at fifty-five the near-point lies at only from 8 to 10 
inches, and speotaoles have not been found necessary; such 
persons are proud of their sharp sight, and consider tbemselves 
a lucky exception to the laws of decay. Any suggestion as to 
their ^ing near-sighted is answered in the negative, l>y a self- 
complacent smile. On trying them with Snellen's distance-test, 
placed at 20 feet off, XX, XXX, or even XL, are not recognised, 
L or LX being the first easily distinguished, and not un^ they 
try concave glasses of or ^ can they recog^nise XXX or XX. 
Such are consequently myopio. On inquiry, it will generally bo 
found that the parents presented the same peculiarities, when 
an inference may be drawn that the myopia is hereditary. 
But the far-point also begins to recede somewhat in the normal 
eye above the age of fifty; so that it then becomes slightly 
hypermetropic (distant vision being improved by convex glasses), 
which at seventy or eighty may = ^ (that is, the patient can see 
distinctly at a distance with a convex glass of 24 inches focus). 
In such a case, the hypermetropia, which at first is only ac- 
quired {H, acquUita)^ may afterwards become absolute; so that 
the person is not only unable to accommodate for divergent, but 
even for parallel rays. 

Wo must be careful not to confound that weakness of sight 
termed amblyopia with presbyopia, which might easily ocenr, 
as an amblyopic person also cannot see small objeots diatinotly, 
and convex lenses (by affording him larger retinal images) 
improve his vision. If the patient cannot with a suitable lens 
distinguish No. 1 of Jager at 8 inches distance, but only 4 or 6, 
or if he is obliged to hold the object nearer to his eye than is 
warranted by its size, then he is amblyopic. It may be laid 
down as a practical rule that the nearer we can approximate, 
by means of convex glasses, the vision and range of accommo- 
dation of a presbyopic eye to that of a normal one, the less is 
the impairment dne to amblyopia, and vice vers^,. 

How are we to determine the degree of presbyopia, and 
correct the deficit of accommodative power ? 

According to the old method, usually practised in opticians* 
shops, the patient is tested by the “ tryers,” “ sight-suiters,*’ or 
‘‘trial case,” which consists of a series of carefully worked 
convex lenses mounted in pairs in tortoiseshell spectacle-fronts, 
which ore clamped together at one end by a pivot that holds 
thorn in a box, which also forms a handle to be held by the 
^ patient, while each front in turn is placed before his eyes to 
find which focus enables him to read moderate-sized type at 
ordinary reading distance, the probable whereabouts of the 
power required being arrived at by some such guide as the 
following : — 

At 40 years of age convex lenses of 36 inches focal length 
will commonly be required; at 46, 80 ; at 60, 24; at 66, 
20; at 68,16; at 60, 16 ; at 66, 14 ; at 70, 12; at 76, 
10 ; at 80, 9 ; at 86, 8 ; at 90, 1 ; at 100, 6— the three 
last deep lenses, 8, 7, 6, being rarely required, except for 
“ couched eyes.” 

After the patient hM been once fitted it usually only becomes 
a matter of increasing the power of his spectacles by the glasses 
next higher in focal ran^, on his complaining that those he is 
tlien using are not sufficiently strong. 

The convex trial case includes the above-named series of 
6. 7, 8, 9, 10, 12, 14, 16, 18, 20, 24, 80, 86, and also 48 inches 
foci, the last being sagaciously and judioionsly termed pre- 
s^ere.” Snob a rule-of-thumb method must, however, soon 
give place to the more exact system established in recent years 
by Continental oculists. 

According to Bonders, the degree of presbyopia maybe readily 
found, thus j — 

|f p > 8'^ = 8 -f- n, presbyopia. Pr. =r 
whioh simply means, we must deduct the (arbitrary) presbyopic 


[ near-point (8 inches) from the absolute presbyopic near-point 
, determined by trial. 

I If we find a patients nearqK>mt lies at 12 inches, the formula 
would stand thus- 


or supposing it to lie at 16 inches, it is * 

A “ i = ~ 

This also gives the foons of the convex lens, which would 
bring the near-point book again to (the arbitrary standard for 
the near-point) 8 inches. 

In the first case, the convex required would be 24 inches ; in 
the second case, 16 inches. 

In each case the difference between the two fractions expresses 
the deficit of accommodation the patient labours under. In the 
former case he would find himself, for distinct vision at 8 inches, 
minus such an amount of accommodation as is equivalent to a 
24-inoh convex lens, in the latter case to a 16-inch convex lens ; 
consequently, if to the first we artificially supplied a 24-ipoh 
convex, and to the second a 16-inoh convex, in each case we 
should correct his presbyopia ; and provided that the patient 
exerts all his natnr^ accommodation and ^ respectively), he 
would be able to read, etc. , at 8 inches. Few persons, however, 
could sustain such a strain on the ciliary mnaoles for any length 
of time without fatigue (asthenopia) ; but as few persons wish 
to wo]:k for any length of time at so close a distance as 8 inches, 
a more convenient distance, such as 10, 11, or 12 inches, will 
answer without overtaxing the natural power of accommodation. 
The result of theory must, however, always be checked by trial, 
for it will often be found that strain may be avoided by supplying 
a weaker lens than the above formula indicates. 

The object to bo attained in supplying a presbyopic person 
usually with spectacles should be to reinforce his defective 
accommodation by convex lenses neither so strong as to super- 
sede his own remaining natural accommodation, nor so weak 
as to tax it further than it admits of. 

For such corrective trials a set of lenses of known focal length, 
in pairs, is required, together with a spoctaole-frame, in wHoh 
such lenses can be readily fitted and changed. Jagor’s frame is 
the best, as the rings for supporting the glasses are movable, 
to admit of their distance being regulated, so that the patient 
can look through the centre of both glasses ; and, turner, it 
allows of the centre of the pupils being noted. The set em- 
ployed on the Continent comprises 28 pairs of bi-oonvex lenses of 
2, 21, 24, 3, 84, 4, 44, 5, 54, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 
22, 24, 28, 86, 40, 48, 60, 72, and 100 inches positive focal 
length, and 28 pair of bi-oonoave lenses of corresponding negative 
foo^ length, together with a set of glass prisms with refract- 
ing angles of 3®, 4°, 5®, 6®, 7'*, 8°, 9®, 10°, 12®, 14®, 16®, 18°. 
These usually correspond to the Prussian inch, whioh differs 
but little from the English inch, but is less than the Parisian 
inch. In practice a reduction will rarely be necessary ; l^nt it 
should be remembered that, as a large number of lenses sup- 
plied to opticians are of French manufacture, while the English 
scale is usually employed for measuring focal length, etc., the 
English inch is only equal to about 0*94 of the Parisian inch. 
It is evident care must be taken that the lenses used in the 
optician’s trial box also correspond to the French scale, and 
that his optometer is graduated to the same measure, unless he 
uses lenses worked to the English scale, when of course the 
English ^stem must be adopts for “ try era ” and optometer. 
As it is well known that at first, while the amount of pres- 
byopic disturbance is but slight, glasses of ^ are usually 
sufficient, and also that in proportion as the thne of life 
advances, and the range of accommodation steadily diminishes, 
stronger and stronger glasses are required, it was not nn- 
natui^ that opticians and oculists ^ould arrange glasses 
according to the time of life at whioh, on an average, they 
became necessary; but as eyes differ too much to make age 
alone the criterion in the ohoioe of spectacles, with some 
amount of justice this old custom has been ridiimled, but as 
far as emmetropic eyes are oonoeraed, the diminution of the 
range of accommodation being as a nile regular, the toe of 
life may in general be taken as a guide, if ^e many oiroum- 
stances which modify the indications furnished by the time of 
life be not overlooked. 
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PRACTICAL OBOMETBY APPLIED TO 
LINEAR DRAWING.— V. 

To inscribe four eguai cvrcUs in a circle, each touebmg two 
the containing circle (Fig, 48). 



Xlther. 

From ▲, B, c, d, with raditUB of the circle, describe arcs cuttmg 
each ol^er in s, F, o, h. 

Join these points, and a square will be described about the 
oirole. 

Draw the diagonals x H and o f. 

Bisect the angle c F o, and produce the bisecting line until 
It cuts 0 B in 1. 

From o, with radius o i, describe a circle cutting the lines 
▲ B and 0 P in j, X, and L, 

From these centres, with radius x o, describe the four required 
oiroleB. 

To inscribe seven equal circles in a circle (Fig. 49). 



Divide one of the radii, as o into three equal parts — ^via., 
o a B, B A. 

o, with radius o a, describe the oentral circle. 

iVoai 0, with radius o b, desodbe a circle which, cutting the 
radUi Bin ghre the points i, j, B, Xi, x. 

From tl^ points, with radius o 0, describe the six circles, 
each of whibh will touch the oentral circle, two others, and the 
containing circle. 

Buuilariy, a chrole o o being given, to draw six equal oirdleB 
to touch it and each other, divi^ the oiroumferenoe^ the given 
circle into six equal parts. Draw radii and produce &em. 
From 0 set off a B, equal to a o.* From o, with radius o h. 


describe a oirole which, onttit^ the produced radii, will glve^ 
with H, the centres i, j, x, L, x of the six drcles. 

Within a circle to inscribe an/g mmher of circles^ each 
touching two others and the containing oirole (Fig. 50). 



Divide the circle into equal sectors, corresponding to the 
required number of circles — ^viz., da, a B, bo, etc., and bisect 
the sectors by the lines x, F, o, etc. 

Produce any two of the ra^, as A and B, and draw the tangent 
H I parallel to A B. 

Bisect one of the angles at the base of the isosceles triangle 
thns formed, and produce the bisecting line until it outs o F 
in j. 

From o, with radius o J, describe a oirole cutting each of the 
lines which bisect the seotors in L, x, x, X, etc. 

From these points, with radius 3 F, describe the required 
circles. 

By drawing p q parallel to A B, and bisecting the angle at 
the base of the triangle, the centre for another circle may be 
found ; and by continuing the process as before, another series 
of circles may be drawn. 

AppUcation of the division of a circle in drawing a rack and 
trundle (Fig. 51). 



The dible A, on whioh the centres of the oiroleB representing 
seotionB of the bare (or teeth of the trundle) are placed, is 
called the pitch circle ; and the line on which are the points of 
contact between the teeth of the rack and those of the wheel, 
is called the pitch Vine. 

The pitch circle must be divided into parts equid to the 
given number of teeih, and spaces, B c, c D, etc., must be set off 
on Ihe pitch oirole, and similar lengths, B F (» B c), F a (n o d), 
eta, must be set off on the pitch line B x. The rest of the 
i construction will be readily understood on reference to the figure. 
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liTiiiiieroaB studies in branoli of the aubjeot will be giyen 
in tiie series of lessons on ** Teobxnosl Drawing/' 


To d/wide a givm circle into a given num&er of concentric 
rings md central circle ha/ving the came area (Fig. 54)« 



The above (Fig. 52) is an example of the division of circles 
in drawing the plan and elevation of a column, and is intro- 
duced hero in order to impress on students the necessity of 
acquiring the utmost accuracy in division of sp^es. 

The circle forming the boundary of the plan is to be divided 
into a number of parts, corresponding to the required number 
of flutes— viz., 1, 2, 3, etc. ; half the width of the fillets is 
then to be set off on each side of these divisions, as u, 5, etc,, 
and semicircles drawn from the centres of the remaining spaces. 

The elevation of the column is projected by drawing perpen- 
diculars from the various points in the plan. 

For full details in the construction of elevations, plans, etc., 


see lessons in ** Projection.’* 

To divide a circle into any number of equal partSf having the 



Divide the diameter A B into the required number of equal 
parts, A c, c D, D B, E V, v B. 

From points a, a, midway between a c and p b, describe 
Bemicircles, p b and a c. 

From point e, describe the semicircle c b. 


54. 


Draw a radius a b, and on it describe a semicircle. 

Divide the radius A B into the number of equal parts corre- 
sponding with the number of rings, etc., required. 

From the points of division, 1, 2, 3, raise perpendiculars 
cutting the semicircle in 1*, 2* , 3*. 

Then from the point B as centre, with the radii B B 2*, B 3*, 
draw circles passing through the points T, 8*. 

The concentric circles passing through these points divide the 
area of a given circle into three concentric rings, o, J>, E, and an 
inner circle, F, all havii^ an equal area. 

The following figure is given as a study of geometrical draw- 
ing, showing an ellipse in which the curve is to be drawn by 
hand. Further studies, also to be drawn by hand, of a semi- 
elliptical arch, and an elliptical figure formed by arcs of circles, 
will be given in the next lesson. 

To dram on ellipaCf the dicmetera A B and c J> being given 



Place the diameters A B and c D at right angles to each 
other, intersecting in E. 

Find the foci r and P from c with radius equal to x a. 
Between E and r, mark off any number of points, as 1, 2, 
3, 4, 5. (It is advisable that these points should bo nearer 
together as they approach p.) 

From F, P, with radius 1 b, describe the arcs o, o, o, o. 

From p, P, with radius 1 a, describe the arcs h, h, B, h. 

The arcs H, H, h, h will intersect the arcs a, o, G, g in 
I, I, I, I, and these wnll be four points in the curve. 

Proceed to strike arcs from F p, first with 2 b, and then with 
2 A ; and these intersecting will give four more points. 

When arcs have been struck with the lengths from all the 
points to A and b, the curve of the ellipse mimt be traced by 
hand through the intersectionB. 

CHEMISTRY APPLIED TO THE ARTS.— VI. 

BT QEOBGX GLADSTONE, P.0.6. 



From D, describe the semicircle P A. 

From b and b, midway between c d and e p, draw the semi- 
circles E A and D b. 

From 0 and p, draw the semicircles D a and e b, which will 
complete the figure. 


Hides, in common with other animal substances, are liable to 
putrefaction ; and this action cannot readily bo stopped, ezce^ 
by a process of drying, which renders the skin hard and 
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or by that of tanning, in which th« BoftnesB and pliancy, which 
are attributes of so much importance, can be retained. Bides 
and ddns — the former term being applied to those of the 
heaTier and larger animals, snoh as the rhinoceros, buffalo, ox, 
etc., and the latter to the smaller and lighter, such as the calf, 
sheep, goat, etc. — are in tanning converted into leather; an 
operation due to the affinity of tannic add for the gelatine and 
albumen as well as the animal membrane contained in the raw 
article, which leads to the formation of a new compound that is 
not decomposed by the action of the atmosphere. 

The skin of all animals consists of two distinct parte — ^the 
epidermis, or scarf-skin, which forms a very thin layer on the 
exterior surface, and the cutis, or true skin, which Hee below, j 
It is with the latter that the tanner has to do. This is a 
fibrous substance largely composed of gelatine, whereas the other ' 
is of a homy character, and is not acted upon by the tannin. 
The affinity of the true skin for tannic add may be easily 
tested, by making an aqueous solution of the latter, and then 
inserting in it a piece of skin of an ascertained weight, which 
will take it all up ; and the quantity of acid which had been 
dissolved in the water may then be calculated, by finding the 
increase in weight which the skin Tiaa attained during the 
, operation. 

The raw articles are recdved into the tan-yard in very 
various conditions. The ox-hides and sheep-skins from the 
shambles are just in the state in which they came off the | 
slaughtered animals; those received from abroad have, how- 
ever, undergone some process to keep them from decomposition 
in the meantime ; they are generally dther dried, in which case 
they have become almost rigid, or they are pickled in salt, in 
which case they retain much of their moistness and pliancy. 
The East India and Cape supplies are usually dry, and have the 
hair remaining upon them ; the wet, salted hides mostly come 
from South America. 

Before describing the course of treatment to which they are 
subjected, something must be said of the various substances 
generally used as sources of tannin. The most familiar of 
these is oak bark, having untfi recently been much more 
exclusively used than now. It still continues to be the only 
important article containing tannic acid which is obtained in 
any quantity in this country, though the bark and leaves of 
most frees contain moro or less of this principle. The bark of 
young trees oontaina the largost por-oentage, and the quantity 
is greater in sp^g than at other seasons ; but in this country 
neither of those ooiisiderations has much weight, the bark 
being of secondary importance to the timber, which improves 
with age, and is best when felled in the summer or autumn. 
These oiroumstanoes serve to account for the great variations 
in the quality of different parcels of bark, and show the import- 
ance of determining by ohemioal means tbo quantity of tannin 
they contain, which cannot bo even approximately arrived at by 
the most experienced judges from the mere appearance of the 
samples. Birch and willow bark are sometimes used in this 
country, but the former much more generally in Bussia ; the 
agreeable and very permanent odour that distinguishes Bussia 
leather being due to a peouliar oil contained in the bark of the 
birch. 

The warmer climates supply a number of vegetable produc- 
tions rich in tannin, that are constantly attracting increased 
attention, and are destined to enter into still more general use, 
08 the home supply of oak bark would not keep pace with the 
increase of the demand, were the tanner dependent upon it 
alone. From the shores of the Mediterranean two very impor- 
tant articles are received — sumach and valonia. The former 
consists of the leaves of the tree so called, which are dried and 
ground up ; the latter is the cup of a particular species of oak 
that grows extensively in Greece and Turkey, and which is 
remarkable for its very large ooonis. 

From the tropics are obtained dividivi, myrobedans, and 
catechu, which are all rich in tannin. The first of these is the 
fruit-pod of a tree which grows in tropical South America ; the 
second is the dried fruit of one that is ooxnmon in India ; and 
the laet named (of which there are soveral varieties, known under 
the names of terra Japonioa, cutoh, and gambler), oonaists of the 
inspissated joioe of certain trees which grow principally in the 
East Indies. These last are extremely rich in the important 
elements, being weight for weight about five timee as ^eotive 
in tanning as oak bark. 


Of late years the aoaoia trees, which abound in great variety 
in Australia, have been found to yield barks which ate valuable 
in tanning, and oonaiderable quautitiea of leather are now made 
with ike aid qf thia material. 

The value of these different artioles to the tanner is not, how- 
ever, to be measured exactly by the proportion of tannin which 
they oontain. The trade alwsys loc^s for what is called 
“ bloom *' upon the leather, and those substances which produce 
this effect best are consequently speciaUy appreciated. The 
want of this quality in the different kinds of cateoha detracts 
from the value which their riohnese in the tanning properties 
would otherwise assure to them ; while oak bark, valonia, and 
dividivi are distinguished for the beautiful bloom which they 
impart. It is also worthy of note that some substanoes, which 
are themselves rich in tannic acid, are of no actual value for 
the manufactore of leather ; for though they will produce the 
ohemioal action necessary for this purpose, it is found in 
practice that the leather made with them is liable to decomposi- 
tion, so that it is wanting in its most important oharaotcristio. 
Oak-galls, and all otker excrescences which are not natuial 
vegetable growths, have this defect ; and infusions of them are 
also very liable to another disadvantage — vis., a readiness to 
ferment, which results in the conversion of the tannic into 
gallic acid, the effect of which will be described presently. 

The usual prooesses for converting hides or skins into leather 
must now be described. If green hides (i.e., those fresh from 
the slaughterhouse) are to be operated upon, the first thing to 
be done is to oleanse them, by taking off all the particles of 
flesh, etc., which may be adhering to them ; and then, if they 
are not to be used at onoe, they must be pickled in salt to keep 
them sweet. Foreign hides, whioh have neoessarily been either 
dried or salted, need a great deal of soaking in water to render 
them soft and porous ; so that a large supply of water is an 
essential requisite in a tan-yard ; and the water should be soft, 
as the earthy ingredients in hard waters are apt to form in- 
soluble oompounda with the fatty matters in the skin, and so* 
prevent the action of the tan. 

The next step is to take off the epidermis, and the hair with: 
it. This is commonly done by liming, for which purpose the 
skins are steeped in vats containing a solution of quicklime in 
water, from three days to three weeks, aooording to the nature 
of the article dperated upon, the heaviest hides requiring the 
longest time. During this process the skins ore handled, or 
turned over periodically, in order to keep the liquor stirred, and 
so prevent any unevenness of action upon them. The hides 
are then scraped with a long two-handled knife upon a beam ; 
the beam, as it is called, being a sloping bench with a curved 
surface, over whioh the hide is stretched during this operation.. 
The sharp edge of the knife removes the epidermis and the hair 
at the same time. If the hide is then found to be uneven in 
thickness, it is turned over, and the inner side is subjected to a 
scraping and rubbing down until all inequaHties are removed. 

The preparatory liming has unavoidably caused some of those 
insoluble compounds whioh have been already referred to as 
the result of using hard water ; and these must be got rid of 
before commencing the actual tanning process. For this 
purpose a '‘bate,” or solution of dogs* dung, is used, in whioh 
the hides are steeped for a week or ten days. The " bate ” oon- 
tain s an ammoniaoal chloride, the chlorine of which oombinea 
with the lime, forming a soluble compound that can be easily 
removed by washing. 

There are other modes of preparing for taking off the hair 
which have their advantages, especially in rendering the bating 
nimeoessary. It may be done by producing a fermentation, 
for whioh purpose some milk, or a mixture of meal and water, 
is very effective. Another mode is technically called " sweat- 
ing ; *' it is produced by piling the hides one over the other in 
a pit, when a considerable heat will be generated, and putrefac- 
tion will oommenoe. This will be evidenced by the presence of 
an ammoniaoal odour whioh will be evolved ; and care must 
then be taken to check the process immediately the hair has 
become loose, as a continuance of the action would prove dele- 
terious to the quality of the hides. Exposing them to the 
action of steam in a steam-chest will produce &e same loosen- 
ing effect upon the epidermis, and it is not attended with the 
risk of injury, whioh is one of the objections against the sweat- 
ing process. 

The hair having been removed, and the batixig (if neoessaxy) 
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living bSsen aooompUehed) the next etep la to prepare the 
hide to reoeiTe the tan ae readily aa poaaible. l^ia ia 
called ** raiaing/' the reanlt being the diatension of the oellnlar 
tiaane of the akin, which faoilitateB the anbaeqaent action of 
the tan. It may be done either by aoapending the hidea in 
a very weak aqneona eolation of aolphnrio acid, or of apent 
aonr tan — ^the latter being oonaidered the better, though the 
alower proceea. 

We now come to the moat important part of the whole opera- 
tion — ^the tanning, properly so called. Thia need to occupy a 
yery long time, in aome inetanoea aa much aa two years ; but 
great attention haa been paid to the ahortening of Ita doratiou, 
and aome plana haye b^n deyised by which it ia poaaible to 
aooompliah it in a fortnight or so. It is, howeyer, found that a 
complete combination between the tannic acid and the gelatine is 
always a matter of time, an excess of the tannin being neceaaary 
in oi^er to produce the required effect ; and if the operation be 
performed too rapidly, an inferior leather is sure to be the result. 
The old plan was to put the hides in pits between layers of 
ground bark, and leaye them there for months, until the bark 
was considered spent, when the process would he repeated with 
fresh material, and so on until the hides were sufficiently tanned. 
It was afterwards found to be more expeditious to introduce 
tepid water into the pits for the purpose of drawing out the 
ta nnin from the bark. Now, an extract of bark, technically 
called “ooze,** is found to be still better. This may be made 
either with cold or warm water, and the strength of the solution 
can be regulated as may be desired. 

In the tan-yard a series of pits are arranged, with feed-pipes 
for supplying the ooze, and in these the hidea are laid, and then 
the liquor introduced. The hides must, however, be handled or 
turned over twice a day at first, being returned into the same 
or the adjoining pit, the pita being so arranged that the first 
contains the weakest ooze, and so on up to the strongest or 
concentrated solution. When they are passed into the stronger 
ooze, the hides are handled only once a day, and subsequently 
only once a week or more, up to a month. From this cironm- 
stanoe the pits containing the weakest solutions are called 
“handlers,** and those containing the stronger are termed 
“layers** and “bloomers j** a concentrated solution being finally 
used in order to give a bloom to the leather.. Heavy hides 
require usually a period of about eight months to tan them 
properly with oak bark, and about double their weight of bark ; 
but if the other materials already named are used instead, a 
proportionately less quantity is required, and the time occupied 
is also somewhat shorter. 

After being finally taken out of the tan-pits the hides have to 
be carefully dried in a moderately warm chamber, and are 
usually rolled under heavy brass rollers in order to give them | 
more oompactness and a better surface, upon which their | 
marketable value considerably depends. 

It has been already stated that the production of leather is 
due to the action of tannic acid upon the gelatine (of which skin 
is mainly oomposed), forming thereof an insoluble compound ; 
but tannic acid has, unfortunately, a groat tendency to become 
oxidised and pass into gallic acid, which will not precipitate 
gelatiiio, and cannot, therefore, convert a raw hide into leather. 
It is therefore necessary that such precautions should be taken 
as wiU prevent this chemical change, though in many tan-yards 
a good deal of gallic acid is produced without its being objected 
to, as it has the property of swelling the hides, and so rqpdoring 
them more permeable to the tan liquor ; however, the loss in 
the strength of the latter is not compensated by the action of 
the gallic acid. An exposure to the air at an elevated tem- 
perature is a common cause of the oxidation of the tannic 
acidj and this action is particularly liable to take place when 
the vegetable fibre of bark or sumach is left in the solution, 
the fibre apparently acting the part of a ferment in such 
oases. Should fermentation have set in, it may readily be 
stopped by the use of alcohol, carbolic acid, or other similar 
substances. 

It will be seen from the foregoing that the tanning process is 
a singularly slow one, and though many plans have been sug- 
gested for shortening the time required, practical inconveniences 
have prevented their general application. The discovery of any 
simple means by which the operation could be materially expe- 
dited would confer a moat signal benefit upon this large and 
increasing branch of trade. 


PRINCIPLES OF DESIGN.— IX. 

By CHRisropHsa Dressbr, rh.l)., F.L.S., etc. 

AKT FUBNITURB — CHAIRS. 

Having considered those principles which are of primar*; fm- 
portanoe to the omamentist, we may commence our i^otice of 
the various manufactures, and consider the particolar form of 
art that should be applied to each, and the apecial manner in 
which decorative principles should be conside^d as applicable 
to various materials, modes of working, and requirement of 
individual manufactures. 

We shall commence by a consideration of fomiture, or cabinet 
work — first, because articles of furniture occupy a place of 
greater importance in a room than carpets, wall-papers, or, 
perhaps, than any other decorative works ; and, second, because 
we shall learn from a consideration of furniture those struo- 
tural principles which will be of value to us in considering the 
manner in which all art objects should be formed if they have 
solid, and not simply superficial, dimensions. 

In the present chapter 1 shall strive to impress the fact that 
design and ornamentation may be essentially different things, and 
that in oonsidcring the formation of works of furniture ^ese 
should be regarded as separate and distinot. “ Design,** says 
Hedgrave, “ has reference to the oonstraotion of any work both 
for use and beauty, and therefore includes its ornamentation also. 
Ornament is merely the decoration of a thing constructed.*’ 

The construction of furniture will form the chief theme of 
this chapter, for unless such works are properly constructed 
they cannot possibly be nseful, and if not useful they would 
fail to answer the end for which they were contrived. 

But before oommenoing a consideration of the principles in- 
volved in the construction of works of furniture, let me sum- 
marise what is required in such works if they are to assume 
the character of art-works. 

1. The general form, or mass form, of all constructed 
works must be carefully considered. The aspect of the “ sky- 
blotoh ** of an architectural edifice is very important, for as the 
day wanes the detail fades and parts become blended, till the 
members compose but one whole, which, when seen from the 
east, appears as a solid mass drawn in blackness on the glowing 
sky; this is the sky-blotch. If the edifice en moBsc is pleasing, 
a great point is grained. Indeed, the general contour should 
have primary consideration. In like manner, the general form 
of all works of furniture should first be oared for, and every 
effort should be made at securing beauty of shape to the 
general mass. 

2. After having oared for the general form, the manner in 
which the work shall be divided into primary and secondary 
parts must be considered with reference to the laws of propor- 
tion, as stated in my last article. 

3. Detail and enriohmexit may now be considered ; but while 
these cannot be too excellent, they must still be subordinate in 
obtrusivenesB to the general mass, or to the aspect of the work 
as a whole. 

4. The material of which the object is formed must always 
be worked in the most natural and appropriate manner. 

5. The most convenient or appropriate form for an object 
should always be chosen, for unless this has been done no 
reasonable hope can be entertained that the work will be satis- 
factory ; for the consideration of utility must in all oases pre- 
cede the consideration of beauty, as we saw in my last chapter. 

Having made these few general remarks, we must pass to 
consider the structure of works of furniture. The malarial of 
which we form our furniture is wood. Wood has a “ grain,*' 
and the strength of oriy particular piece largely depends upon 
the direction of its grain. It may be strong if its grain runs 
parallel with its length, or weaker if the grain crosses diagonally, 
or very weak if the grain crosses transversely. However strong 
the wood, it becomes comparatively much weaker if the grain 
cross the piece ; and however weak the wood, it becomes yet 
weaker if the grain is transverse. These consideratioxis lead us 
to see that the grain, of the wood must al/wouys he parallel with 
its length whenever strength is required. 

For our gpiidanoo in formation of works of furniture, I 
give the following short table of woods arraxjged as to their 
strength : — 

Xron-woody from Jamaica — very strong, bearing great lateral 
pressure. 
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Box of Hlawana, New South Wales— very strong, but not so 
strong as iron-wood. 

Mountain ash, New South Wales — about two-thirds the 
strength of iron-wood. 

jieech — ^nearly as strong as mountain ash. 

from New South Wales — not quite so strong as 

last. 

Black dog^uoood of Jamaica— three-fourths as strong as the 
mahogany just named. 

Bow-wood, Jamaica — ^not half as strong as the box of New 
South Wales. 

Cedar of Jamaica— half as strong as the mahogany of New 
South Wales.* 

Wood can be got of sufficient length to meet all the require- 
ments of furniture-making, yet we not unfrequently find the 
arch structuraUy introduced into such wooden objects while it 
is an absurdity so to do. The arch was a most ingenious inven- 
tion, as it affords a means of spanning a large space with small 
portions of material, as with small stones, and at the same 
time gives great strength. It is, 
therefore, of the utmost utility 
in constructing stone buildings; 
but in works of furniture, where 
we have no large space to span, 
and where wood is of the utmost 
length required, and is stronger 
our requirements demand, the 
use of the arch becomes struotn- 
rally foolish and absurd. The folly 
of this mode of structure becomes 
more apparent when we notice that 
a wooden arch is always formed of 
one or two pieces, and not of very 
small portions, and when we fur- 
ther consider that, in order to the 
formation of an arch, the wood must 
be out across its grain throughout 
the greater portion of its length, 
whereby its strength is materially 
decreased ; while if the arch were 
formed of small pieoes of stone 
great strength would be secured. 

Nothing can be more absurd than 
the practice of imitating in one 
material a mode of oonstmotion 
which is only legitimate in the case 
of another material, and of failing 
to avail ourselves of the particular 
mode of utilising a material which 
seonres a maximum of desirable 
results. 

While I protest against the 
arch when structural in furniture, 

I see no objection to it if used 
only as a source of beauty, and when so situated as to be free 
from strain or pressure ; but this matter I shall revert to when 
considering the formation of cabinets, when I shall illustrate 
my meaning more fully. 

One of the objects which we are frequently called upon to 
oonstruot is a chair. The chair is, throughout Europe and 
America, oousidered as a necessity of every house. So largely 
used are chairs, that one firm at l^gh Wycombe employs 200 
hands in making common cane-bottomed chairs alone, and yet 
we see but few chairs in the market which are well construct^. 
All chairs having curved frames — whether the curve is in the 
wood of toe book, in the sides of the seat, or in the legs — are 
oonstmcted on false principles. They are of necessity weak, 
and being weak are not useful. Ab they are formed by using 
wood in a manner which fails to utUise its qualities of strength, 
these chairs are offensive and absurd. It is true that, through 
being surrounded by suoh ill-formed objects from our earliest 
infancy, toe eye often fails to be offended with suoh works as it 
would be were they new to it j but this does not Aow that they 
are the lees offensive and constmotively wrong. Besides, when- 


* For full partioaUrs on this snhjeot see ** Catalogne of the Col- 
lection illuBtrating Construction and Building Material,'* in the South 

Kensington Musenm. 


ever wood is out across the giw, in order that we may get 
anything approaching the requisite strength, it has to be much 
thicker and more bulky than would he r^nired were the wood 
out with the grain ; henoe suoh fumitare is unnecessarily heavy 
and clumsy. 

Fig. 19 represents a ohair which I have taken the Uberty of 
borrowing from Mr. Eastlake’s work on household art.f This 
ohair Mr. Eaatlake gives as an illustration of good taste in the 
construction of furniture ; but I give it as an illustration of 
that which is essentially bad and wrong. The legs are weak;, 
being oross-grainod throughout, and mode of uniting the 
upper and lower portions of the legs (the two semioiroles) by a 
oiroular boss is defeotive in the highest degree. Were I sitting 
in suoh a chair, I should be afraid to lean to the right or the 
left, for fear of the ohair giving way. In preference to ona of 
these, rivo » Yorkshire rocking-chair, where I know of my 
inseourity. 

A ohair is a stool with a baok-rest, and a stool is a board or 
plane elevated from the ground or fioor by supports, the degree 
of elevation being determined by 
toe length of toe legs of the 
person for whom the seat is made, 
or by the degree of obliquity whioh 
the body and legs are desired to 
take when using the seat. If the 
seat is to support the body when 
in an erect sitting posture, about 
seventeen to eighteen inches will 
be found a convenient height for 
the average of persons ; but if the 
legs of toe sitter are to take an 
oblique forward direction, then the 
seat may be lower. 

A stool may consist of a thick 
piece of wood and of three legs 
inserted into holes bored in this 
thick top. If these legs pass 
through the upper surface of the 
seat, and are properly wedged in, 
a useful yet clumsy seat results. 
In order that the top of the stool 
bo thin and light, it will be neces- 
sary that the legs be oonneoted by 
frames, and it will be well that 
they be oonneoted twice, onoe at 
the top of each leg, so that the 
seat will rest upon this frame, 
and onoe at least two-thirds of 
the distance from the top. The 
frame would now stand alone, and 
although the seat is form^ of 
thin wood it would not oraok, aa 
it would be supported all round 
on the upper frame. 

A ohair, I have said, is a stool with a back. There is not one 
ohair out of fifty that we find with the back so attached to the 
seat as to g^ve a maximum of strength. It is usual to make a 
baok-leg and one side of the book of the chair out of one piece 
of wood — ^that is, to continue the baok-lega up above the seat, 
and cause them to beoome the sides of the ehair-book. When 
this is done the wood is almost invariably ourved so that the 
back-legs and the chair-back both incline outwards from the 
seat. There is no objection whatever to toe sides of the book 
and the legs being formed of the one piece, but there is a great 
objection to either the supports of the back or the legs being 
formed of oross-grained wood, as much of their str^gth is 
thereby sacrificed. Our illustratioua (Figs. 20 — 26) will give 
several modes of ooustrueting choirs suoh as I thiuk legiti- 
mate ; but I win ask the reader to think for himself upon the 
construction of a ohair, and especially upon the proper means 
of griving due support to the back, until such time as I converse 
with him again in my next article. 


t The title of the work is *«Binte on Hoaiehold Art.** It is 
well worth reading, as much maj be learned from it. 1 think Mr. 
Bsstlake right in many views, yet wrong in others. I cannot help 
regarding him somewhat as an i^ostla of ugliness, as he Spears to 
me to despise finish and refinement. 


Fig. 19. 
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CIVIL ENOIN3EERINa~IV. 1 

BT X. O. BABTHOLOHXW, O.X., K.B.X. j 

BOiU>S-~OAl^ALS. ! 

Thx brief aJluBion we made in a former chapter to the excellent 
roads oonstraoted by the Bomans will indicate to the reader j 
the fact that these, the most neefnl of all engineering works, 
are also amongst the earliest. No country can excel in com- 
merce or arts which is destitute of good roa^; and in colonising 
a new territory these are, or shonld be, the first points to which 
the engineer directs his attention ; for without some mode of 
oonTeniently transporting the products of industry from one 
locality to another, no country can flourish. 

It is true that imperial Borne constructed her splendid high- 
ways rather with a view to the passage of her armies than to 
purposes of trade, but they were not the lees available for more 
useful purposes either then or at the present time. 

A good road is of use just in the proportion in which it 
permits of the heaviest loads traversing it in all weathers, with 
the least expenditure of power. Hence, the two main points to 
be aimed at in the construction of a road are (1) that it shall 
be level, and (2) that it shall have an even av/rface. 

The first of these conditiona can be attained only by a survey 
of the district through which the road is intended to pass. The 
desirability of a road being horizontal is too obvious a point to 
be enlarg^ upon; at the same time, unnecessary labour in 
excavating hUls and in raising causeways or emban^ents over 
vaUeys must be avoided. A very slight alteration or temporary 
deviation from the direction of the proposed route will often be 
the means of saving an immense amount of labour and expense, 
without materially increasing the distance, the longest road 
being frequently the shortest in point of time. Where an 
extended chain of hills crosses the proposed route, it may 
become necessary to carry it over the ridge ; but the gradient 
may be considerably diminished by cutting through the summit 
of the hill, and carrying the excavated soil into the adjoining 
valleys. Before deciding upon the exact point at which the 
ridge shall be out, it will be desirable to examine the nature 
of ^e subsoil by frequent borings, as by this means rook may 
often be avoided. 

The duties of the civil engineer may be said to have ter- 
minated after he has determined on the course to be taken by 
the road, and calculated the extent of the cuttings and embank- 
ments requisite ; but it is absolutely neoessary &iat he shall be 
practically acquainted with the nature of its construction, to 
enable him to check the operations of the contractor. 

In order that a road sh^ possess an even surface, it must be 
composed of materials which will not readily yield to the traffic 
it will bo subjected to. Durability, m all weathers, must be 
aimed at, and this is not always readily attainable. In a dry 
climate Ihe difficulty is greatly diminished, but in so humid and 
changeable a climate as our own it is very much increased, 
whilst the passage of horses and vehicles aggravates the mis- 
chief. Hence the question how to construct durable roads 
in our large towns is one which can scarcely be said even now 
to bo settled, seeing we are unable to pave the streets of even 
our most crowded cities with square blocks of stone, accurately 
fitted, as did the Bomans. 

First, as to unpaved roads : — 

It must always be remembered that water, when not required, 
is the greatest endmy which the engineer has to contend with, 
and with roads it is no exception ; hence, no matter of what 
material the road be constructed, it should be so formed as 
readily to throw off the rainfall. A moderately flat curve 
should be the figure given to the cross-section, the summit being 
in the centre of the road, and terminating at either side in a 
sunken chwnel to receive and cany off the water, which is far 
more injurious to the road when it is permiUed to settle upon the 
surface. It then gradually soaks into the soil, rendering it soft 
and apon^, and the first vehicle which passes over it in this 
state produces an indent in which more water collects, and thus 
the mischief increases. C>n this account too much care cannot 
be bestowed upon the drainage. 

The nature of the material employed in constructing a road 
is of the first importance, but a difficulty frequently arises in 
procuring the mo^ suitable kind of soil in the distriot which 
the road is to traverse, and the haulage of which from a dis- 
tance may involve an expenditure too great to be incurred. 


Telford stands forward prominently as a road engineer. The 
great road constructed by him in 1816-17, from Carlisle tb 
Glasgow, may be taken as an excellent example of a country 
road. Its length is 93 miles , it is 84 feet wide between the 
fences ; but the central portion only, for a width of 18 feet, 
is metalled — that is, laid with broken stones ; the remaining 
portion on either side is gravelled. Its cost was .61,000 per 
mile. The advantage of metalUng a road lies in this, that the 
traffic itself assists to consolidate and harden the bottom. The 
metalling should consist of granite, broken with the hammer, ' 
by which the least quantity of the block is pulverised, and the 
stones retain the aharpnesa of their edges and angles, thus 
facilitating their entrance into the soil. The broken atone is 
spread in a layer over a subsoil, prepared to receive it either by 
a rake or a piokaze — ^the thickness of the layer being regulated 
according to the nature of the bottom — the fnirowing by the 
piokaxe being requisite to give a hold to , the metalling. A 
light sprinkling of gravel is occasionally thrown over the 
metalling, which affords an easier footing for quadrupeds, and 
is in no way detrimental to the formation of the road. The 
process of metalling by spreading broken stones over the 
surface is called ''macadamising,*’ after the name of the 
inventor, Macadam, and in this manner may be oonstmoted 
excellent country roads, suitable, with proper attention, for all 
ordinary traffic. The bottom usually consists of broken stone 
or briok, rubble, burnt earth, bashes — anything, in fact, which 
by the action of moisture vrUl not form mud. 

The oharaoter of the subsoil has much to do with the dura- 
bility of a road. If it be soft, broken granite, even thickly 
strewn, will prove a useless because an unendurable surface. 
This was found to be the case on the road under the Highgate 
Archway, whore, owing to the soft and yielding nature of the 
subsoil, the only artificial surface which stood the wear and 
tear of the ordiimry through traffic was a oompositiou of gravel 
and Boman cement, in the proportion of 1 bushel of cement to 
8 bushels of washed gravel and sand — the cost being about 2b. 
per square yard for a thickness of six inches. 

Many instances will occur in which the ordinary macadam- 
ised road will prove of no value — for example, in building a 
road across a bog or morass. In this case the plan adopted 
originally by Metcalf, in the last century, and subsequently by 
Stephenson, at Chat Moss, has been proved the most efficient. 
The yielding oharaoter of the bog would entirely absorb any 
soil ■^own directly upon it; but by employing a fixating 
medium, such as fagots, brushwood, or furze, and extending the 
width of the base oonsiderably beyond what is required for the 
purposes of traffic, the soil may be made to rest upon the 
floating platform, and the road thus formed will efficiently 
bear up the weight of passing traffic. 

A macadamised road is of comparatively little use in a busy 
town. A through traffic is not nearly so injurious to a road as 
a traffic in which vehicles are often turning — the pivot-wheel 
acting as a sooop, and producing an abrasion of the surface. 

The character of the surface of a road has, as may be sup- 
posed, much to do with the amount of friction existing in 
wheeled traffio. On a gravelled road the friction is 4*5 ; on an 
old flint road it is 2*0 ; a well-made pavement being reckoned 
as 1*0 — ^faots which at once settle the question of the desir- 
ability of maintaining a good surface on a road. 

It is on interesting fact, in connection with our subject, that 
the injury done to an ordinary macadamised road by four 
horses is three times as great as that done by four coach- 
wheels, but this proportion is oonsiderably increased when the 
wheels are broad as in wagons. The fact that horses are so 
injurious to the surface of roods led to the effort, mode many 
years since by Mr. Gurney, to introduce steam-power upon 
common roads, in lieu of horses. 

No ordinary macadamised road will withstand the traffio of 
the streets of large towns without the most oontinuous atten- 
tion, and a oonseqnentiy large outlay. The more usual mode 
of meeting the difficulty is by a regular paving of stone, of 
which there are two kinds — the rubble and the aahloAr, A 
rubble is in reality an imperfectly constructed ashlar pave- 
ment. The ashlar causeway consists of hammer-dressed granite 
stones, from five to seven inches thick, eight to twelve inches 
long, and twelve inohas deep. These stones are laid in regular 
order upon a foundation consisting of cement, sand, and gravel, 
which is allowed to set firm, the surface of ^is bottom being 
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adjnated by suitable tools to tbe oorre which the cross-section ! 
ci tile finished road is intended to aasame. After the surface- 
stones are arrsnged upon this bed^ they are ** set " by 
copious discharge of tbinly-mixed mortar being thrown orer 
them, which Betties down into the interstices between the 
stones and fixes them. The cost of a well-oonstruoted ashlar 
road Taries from 7s. to 10s. per superficial yard. As compared 
with a macadamised road tifis is, of course, a high figure; but 
the difference is only in the first cost, and ^sappears when the 
item of maintenance is considered. 

In some instances a still more expensive kind of road is cofi- 
structed to meet special cases, as, for instance, the exceptionally 
heavy traffic between the Books and the City of London, or over 
London Bridge, in which continuous lines of large granite blocks 
are laid end to end, with flush joints, thus forming a level stone 
tramway in the wheel-tracks. The blocks vary from 2^ feet 
to 10 feet longr are 18 inches wide, and 12 inches deep. Such 
a tramway so iax reduces friction as to enable a single horse to 
draw a lo^ exceeding ten tons at a rate of nearly four miles 
an hour, an advantage so obvious that, after the success of the 
experiment had been proved, it was proposed to lay a roadway 
of the same description between London, Liverpool, and Holy- 
head, upon which steam carriages might run. The idea was, 
however, rejected, as it was proved that, with all the care which 
could be bestowed upon such a road, the friction was still 
vastly in excess of that upon a smooth iron rail. 

A rubble pavement is one in which jess oare is bestowed 
upon the shaping and dressing of the stones ; hence there is 
less uniformity in their arrangement, and consequently wider 
interstices between them. 

The maintenance of a roadway is an important item of ex- 
pense. We Imve stated that a good ashlar road costa much 
less to keep it in repair than a macadamised road, the main- 
tenance of the latter costing about 2s. lid. per supe^cial yard 
per annum ; but as macadamised roads cannot be entirely dis- 
pensed with, it is important to ascertain the best and the most 
economical method of keeping them in repair. The tendency 
of traffic is to wear down the surface from an erect curve to a 
level, or even to an inverted arch — the principal traffic being 
naturally confined to the centre of the road. This change of 
figure must be prevented, in order to keep up the lateral drain- 
ago ; the application of broken stone to all low parts must, 
therefore, never be neglected. The accumulation of mud 
must also be carefully avoided. A scraper is usually employed 
for the latter object, but this implement is, without a doubt, 
the greatest enemy an ordinary road possesses. Even with the 
use of Bourne’s Multi-dental Scraper it is impossible to pre- 
vent the teeth from catching the projecting points of stone, 
the result of which is that the stone is dragged out of its bed, 
and a hole is formed. Nor does the mischief end there, for the 
surrounding stones, which were previously firmly wedged, be- 
come loose, and the solidity of the surface is impaired. The 
broom is the only thing that should be employed to remove loose 
mud from the surface, and this, if frequently applied before 
any large accumulation of soil has arisen, will always prove 
sufficient for the purpose ; for, besides doing its work with less 
injury to the road, it does it better than the scraper, entering 
more searchingly into the inequalities of the surface. 

It must be admitted that an ashlar road, however excellent, 
is XJi*oductive of great noise, and an uneasy vibration to the 
occupants of vehicles passing over it. For this reason, wooden 
blocks have, in several instances, been employed instead of 
stone ; and if this description of pavement could be made as 
durable, it has manifest advantages over the granite-paved 
surface. It is almost noiseless — too much so, indeed, for the 
safety of pedestrians — and the absence of jolting from stone to 
stone, combined with the yielding character of the surface, is 
productive of much less injury to the hoofs of the animals and 
to the springs of the carriages. An attempt has been made to 
render the surface of the wood more durable by studding it 
thickly with large-headed nails, but this course has not been 
successful. Knapp’s pavement consi^ of hollow iron blocks, 
divided into small compartments, filled with concrete to a level 
with the surface. Four of these blocks make one square yard. 
Asphalte has been recently employed in some of the busiest of 
the Ziondon thoroughfares. It forma an excellent surface and 
an agreeable road. 

^ — The advantages arising from a system of com- 


munication which, whilst extending over the interior of a 
country, is at the same time connected more or less directly 
with the great highway of nations^ the sea, are obvious. But 
there are other and equally apparent advantages in connection 
with water transit, advantages which are, however, partioulaxly 
applicable to heavy goods. For instance, the ti^otive power 
of a wagon-horse upon a good road may be reckoned at 140 
kilogrammes,' whilst a evngle man is capable of drawing a load 
850 times as great when floating upon water. Friction, in fact, 
is reduced almost to nil when the load is floating, providing 
tile speed is inconsiderable; indeed, the limit of weight to 
which a man is thus capable of imparting motion is not easily 
ascertained, but it appears to be bounded only by the vie 
inertia of the mass. The advantages, therefore, of canals as 
means of transport are evident, and vast sums of money have 
been expended upon their construction in this and other 
countries. There are, however, serious difficulties in the forma- 
tion of a canal, requiring considerable talent and forethought 
on the part of the engineer to overcome. 

The first point for consideration is whence to obtain the 
necessary water-supply. If the course of the canal were one 
continuous level throughout, communicating at either extremity 
with some large reservoir retaining a uniform level, there would 
be no further supply required lhan what was demanded by 
evaporation, or absorption by the soil ; but if the surface to be 
traversed is irregular, the introduction of loclte becomes noces- 
saiy, and every barge which passes through a look creates a 
demand upon the water supplied from the higher ground. The 
expense of employing pumps to return the water back to the 
higher level could not for a moment be entertained, except as 
an expedient during a limited period in dry weather; it is 
imperative, therefore, that an adequate supply of water should 
exist to provide for the loss arising from the emptying of the 
looks ; and the highest level of the canal should be so arranged 
as that it should receive at all times an equable and adequate 
supply of water from that source. 

Next in importance to the water-supply is the consideration 
of the course to be traversed by the canal. The commercial 
advantages arising from the contiguity of the canal to large 
towns must enter largely into the calculations of the engineer 
in his determination of this point ; but above all he must be 
guided by a oonsideration of the nature of the surface and sub- 
soil. If the subsoil be porous, consisting of sand or gravel, an 
undue loss of water will arise from absorption, to prevent 
which a largo outlay must be incurred in puddling the channel 
^ with clay ; for this reason an absorbent soil should bo avoided 
I if possible. A matter of equal importance is the character of 
I the surface ; every effort must 1^ made by the engineer to 
i prevent unnecessary excavation, and at the same time to limit 
I as far as possible the number of lochs^ those expensive and 
I inconvenient but indispensable adjuncts to a canaJ, a further 
i consideration of which we shall reserve for our next chapter. 

I The engineer is much more restricted in his actions in pre- 
paring the plans for a canal than he is in laying out a road, or 
even a railway, because any deviation from an absolute level is 
inadmissible without the introduction of a lock. It is usual to 
lay out a canal in sections, the space intervening between look 
and look — and which therefore occupies the same level — ^being 
regarded as a section. The object of the engineer is, therefore, 
to make each section as long as possible, and as direct as the 
nature of the ground will admit. It is, of course, impossible to 
maintain one uniform level throughout ; but by judiciously avail- 
ing himself of the side of a hill, winding round its side, and 
selecting a short valley intervening between one hill and anotiier, 
and spanning it by an aqueduct, and again skirting the side of 
another hill, and so on, the number of locks may be greatly re- 
duced. An apt illustration of the skill displayed by the engineer 
in the selection of the ground may be quoted in ^e case of the 
Monmouthshire Canal, which traverses very difficult ground, 
but which, winding round the side of the Blorenge ut the height 
of several, hundred feet above the valley of Orickhowell, enters 
the upper end of the valley in its course towards Brecon upon 
one continuous level throughout. 

In other instances — ^for example, the Boohdalo Canal between 
Boohdale and Todmorden>-^the oharacter of the ground neceB> 
sitates the use of looks at very short intervals, involving a vast 
outlay in the first instance, and a great impediment to naviga- 
tion in the second. 
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TECHNICAL DRAWING.— XX. 

DBAWING FOB MACHINISTS AND ENOINEEB8. 

FB8X-RAND DRAWING (continued), 

Fio. 209 ia a aketoh of a oonuaon padlock, which afforda a good 
fmbjcot for the practice of balancing cnirea. 

Jiving drawn a central perpendicular, and a horia^ntal line 
croaaing it, aet oft the widtha a b and a o ; then, having deter* 
mined on diatanoe A D, draw the curve on the left aide — 

B D — and balance it by the curve c d. 

Obaerve that theae curvea must not form a point at D, but 
muat merge amootl^ into each other. 


Fig. 210 ahowB the key of this padlock. 

Having drawn a central line, and another at right angles 
to it, draw the rectangle a b o d. Set oft b, f, g, b, and thus 
eight points will be obtained, through which the ^^oal head 
of tbe key ia to be drawn. 

It muat, however, be understood, that this squaring out of 
curved forma ia merely intended to assuit the student in the 
moat elementary stage, and must be discontinued as aoon as 
poaaible. 

The baxrel and remaining portions of the key are now to bo 
drawn, and will easily be understood from the copy. 

Fig. 211 represents a small iron cramp. 



Now draw a horisontal line at s, and mark on it, on each side 
of the central line, a diatanoe corresponding with B G. 

Produce this line, and continue ^e curve beyond b until it 
meets the straight line in F. The length from G to F and from 
B to F win then be equal, and thus a circle drawn from F, with 
the radius f g, would also include b. 

Now to draw circles by hand is, to almost all persons, a 
rather difficult task, but it may be rendered less so by drawing 
lines from the centra, and marking off on them the radius re- 
quired, as shown at f h. The curve may then be traced through 
f^e points thus obtained. The segments of drcles on each side, 
then, having been drawn, and also the smaller circle representing 
the rivet, draw tb® ^PP©r portion of the padlock, the centre 
being at o ; and in this, too, the method shown al^ve may be 
adopted. The keyhole, and plate surrounding it, can. It is 
hoped, be drawn without further instructions. 


Draw the perpendicular A, the horizontal b, and the perpen- 
dicular a', at the required distance from A. 

Now draw the horizontals CD, K F, G H, and X y, the ex- 
tremity of I J being carried upward in a curve to x. Join c b 
and G X. From L set off l m, equal to l d, and also from L set 
off L N, equal to l F, and draw tiie semicircles d m j and F n h, 
which will complete this portion of the object. 

Having drawn the handle of the tiitunlMoraw in the maimer 
idiown in the callipers and padlock, draw the perpendiculars for 
the inner and outer angles of ihe thread of the screw. The 
method of drawing a screw in the simplest manner has been 
shown in Fig. 205. In the present study, however, the lines are 
to be drawn by hand instead of by the aid of the rule. 

No further separate studies of fi^hand drawing will be given, 
as it is intended that the student should copy the rough sk^hes 
] and as many of the mechanical studies by hand as be ,oan. 
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moxAHXOAXi D&IWXNO vents the wheel ‘from reoeding, whilst the oliek is moTing over 

Figk 212.«— The snl^eot of this lesson is a rachet^wheel. This the teeth. 

Is a oontrivanoe oonsirting of a wheel, with pins or teeth of a The first step in drawing this figure is to traoe the two ciroles 

statable form, which receives an mteirmittent circular motion between which the teeth are to be contained. 

from some v&rating piece* In this drawing, s is the sachet- These idiould be very lightly drawi^ as no portion of ^fher 



whe^ furnished with saw-like teeth. The driver is a click | oircle is to be used in the drawing ; but they are required to 
or paul^ ▲, jointed at one end to a movable arm, B, which has | ensure uniformity in the teeth. 

a vibrating motion on the shaft c as a centre. As b moves Kow, divide the outer drole into the number of parts re- 
towa^ the 1^ hand it pushes the wheel before it through a | quired for the teeth. There is no special reason why the outer 
certain space, and on its return the cHok, a, slides over the ' circle should be divided rather than the inner ; it is merely that 
points of the teeth, and is ready again ,to push the wheel I errors in division are move readily seen in large than in small 
through the aame space as before, being "pressed against ^ j oiroles. Where numerous divisions are required, some draughta- 
teeth either by a spring or its own weight. A detent, d, pre- I men draw a oirole ontaide the one to be ^vided and of a much 
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larger radios ; on this they eet off the required diTinons, and 
them draw lines to the centre ; these lines passing through, 
the original oirole, divide it without fraying the paper or other- 
wise injuring the clearness of the work. 

The outer oirole thea being dirided, draw lines to the oentre ; 
it will not be neoessary %o draw these radii the whole of the 
distance, but only between the two circles, to form the faces of 
the teeth, as shown at v o, Hi, etc. 

Join the outer end of each line to the inner end of the next, 
as K a, jr i, etc. These lines will fprm the backs of the teeth. * 

We now proceed to the arm, and for this the centre line must 
be drawn. Now it is neoessary that, in copying a drawing, the 
exact inclination of such an arm or other part should be accu- 
rately given. To accomplish this, draw the diameter K n, 
measure from L on the circumference of the oirole the length of 
the arc L x, and draw a line from the oentre o through x. 

Then construct on your drawing an angle similar to l o x, 
and the line 0 x will give the inclination required. This method 
can be applied without reference to size, for it will be remem- 
bered that the number of degrees an angle contains is not 
altered by the lengtii of the lines of which it is formed. 

Having then drawn the line c x, set off on it the centre of 
the click, and complete the arm, setting off the widths on the 
circles at top and bottom. The straight sides are to be joined 
to the circles by small arcs, or by curves drawn by hand. 

The centres for the click and detent, and those from which 
their inner and outer curves arc struck, are to be found in the 
same way. 

It will be seen that, owing to the form of teeth shown in this 
figure, the wheel can only be driven in one direction ; but in 
machines for cutting metal it is frequently necessary that it 
should work either one way or the other. Sir Joseph Whit- 
worth adopts in such oases the construction shown in Fig. 213, 
called Clement’s catch. 

Here the roobot-wheel has teeth, the ends of which are 
bounded by the circle, and the flanks of which are portions of 
the radii, whilst the click is so formed that it will either work 
as shown in the example, or may be turned over to act in the 
opposite direction. 

In drawing this figure, describe the circles for the inner and 
outer ends of the teeth; divide the outer circle into the re- 
quired number of equal parts, the teeth and spaces being equal ; 
draw the sides of the tooth by lines from the points of division 
to the oentre, and join those lines which are to form teeth on 
the outer oirole, and such as are to form spaces on the inner 
oirole. 

The click is now to be drawn. Having fixed the oentre, F, 
draw the line b c, which is radial to the oirole. 

Bisect B c in D, and the bisecting line o f will be the central 
line for the click ; the centres for iJie arcs forming the sides are 
shown at B and 

Fig. 214 is a portion of the frame of a and is here in- 

troduoed as a study in joining oiroles, the whole of the external 
form being described by portions of three circles touching each 
other. 

Having drawn the base-line and perpendicular, b, mark on it 
the point A, and through it draw the horizontal o D. 

With radius A x, desoribe a semicirole. 

From B set off B F. 

From F, with radius F g, desoribe the arc g h. 

From F draw a line through o, cutting the line c D in I. 

From I, with radius i j, describe an arc, joining the semicircle 
to the arc last drawn. The rest of the drawing being obvious, 
it is hoped that, alter this fundamental construction has been 
correctly done, the remaining portion will be aooomplished 
without further instmotions. 


COLOUR— VI. 

By PaorsssoR A. H. Ckoack, M.A., Royal Academy. 
OOLGXmS WITH WHITE, GBXT, AND BLACK— OOITLAB XODIFI- 
OATXOKfl OF COLOUR — PERSISTENCE OF OOLOUB-IXPBBS- 
810N8 — IRRADIATION— SUBJECTIVE COLOURS — CONTACT 
AND SEPARATION OF COLOURS. 

We have seen, in the last lesson, that there are two kinds of 
contrast — the contrast produced by difference of tone and the 
oontrast produced by difference of colour. We have also seen 


that these contrasts are produced under several conditions, and 
that they ore modified tt^ugh the mode in which tbey are per- 
ceived by the eye and impreseed upon the mind. No sooner, in 
fact, are two oolours so placed as to be seen at the same time 
or in quick succession, than they are apparently changed. The 
change may be one of tone only, of colour only, or of both tone 
and colour. Nor is it neoessary, in such experiments, that two 
colours should be used : we may employ two tones of the same 
colour or a single tone of colour with white, grey, or black. We 
have already studied the apparent changes wMoh the primary 
and secondary oolours mutually cause when placed in oontignity, 
and BO may now proceed to state what modifying infiaenoes 
white, grrey, and black respectively produce upon the most im- 
portant colours (see Figs. IX., X., and XI. in coloured plate). 

1. Yellow. — Yellow with white is rendered darker, less 
luminons, and less prominent, and acquires a faint greenish 
hue. The lighter the tone of the yellow, the less pleasing is the 
combination. 

Yellow with grey is rendered darker, lees luminous, and per- 
haps a trifle more orange. When the grey is of about the same 
intensity or tone as the yellow, the combination is not satis- 
factory ; but it becomes so when the grey is rather deep, the 
yellow then recovering brightness. 

Yellow with black is rendered lighter or paler, more luminous, 

I and more prominent. The combination affords the most intense 
I contrast next to that of white with, black. The blackness of 
the black acquires a somewhat bluish-violet hue, which has a 
tendency to enrich it. 

2. Orange. — Orange with white is rendered darker, and 
perhaps a trifle more reddish. The oontrast between orange 

j and white is much g^roater than that between yellow and white, 
j and the combination is consequently more effective. 

I Oramye with grey^ when the latter is pale, is darkened and 
reddened. With deep tones of grey, orange becomes more 
I luminous. 

Oramge with hlcbch becomes more luminous and yellower ; the 
contrast is next in intensity to that afforded by yellow with 
j black. 

3. Red. — Red with white becomes more intense and of 

j deeper tone. The combination, as to intensity of contrast, is 
similar to that of green with white ; being less decided than that 
I of blue and violet with white, but more so than that of yellow 
and orange with white. 

Red with grey^ where the latter is pale, becomes more intense, 
deeper, and occasionally acquires a slight bluish hue. 

Red with black becomes more luminous and slightly yellower. 

4. Violet. — Violet with white affords a contrast of very 
decided character, owing to the great difference of tone between 
a full violet and white. The viclet is rendered deeper in tone 
in this combination. 

Violet with gyey. — The distinctive colour of the violet makes 
itself felt in tMs combination, which is a quiet and agreeable 
one. 

Violet with black affords an instance of the harmony of analogy 
rather than of contrast. The violet is enriched by its proximity 
with black ; but the latter thereby acquires a rusiy hue, which 
takes away from its richness. 

5. Blub. — Blue with white constitutes a pleasing combination. 
The contrast js very decided where the tone of blue is deep. 
The effect of white clouds in deepening the tone of the sly 
is a good example of one of the chief characteristics of this 
combination. 

Blue with grey. — Grey enhances the tone and qnali^ of blue, 
deepening it to a remarkable extent under certain oiroum- 
stances. 

Bhie with black. — This combination resembles that of violet 
and black, but is less agrreeable, especially where the blue is of 
a deep tone. Light shades of blue ace rendered paler and more 
luminons by contiguity with black. 

I 6. Green. — Qreen with white 'hooomeiB more intense and of a 
I deeper tone ; grreen is distinctly improved by presence of 
white. 

Qreen with grey becomes deeper in tone. 

Green with black is rendered rather lighter in tone, and more« 
brilliant; but the black suffers in purity, and becomes slightly 
tinged witii a ruddy hue — the result of ^ding to the black, red, 
the oomplementaiy oolour of the neighbouring gpreen. 

From what has been said in the preceding paragraphs, it will 
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bare been eeen that the effect of white upon a colour is to on- 1 
banoe its quality and deepen its tone ; for white, presenting ’ 
the maxwnum of luminosity itself, naturally lowers the apparent 
luminosity of coloured surface in contact with it. (We employ 
the termiuminoai^ here in its common acceptation, not in its 
soientido sense as previously explaihed in Lesson I.) But the 
white is capable of enhancing the quality of a colour for a 
different reason (explained already when speaking of “ Simulta- 
neous Oontrasts"). In virtue of this principle, the white, in 
contiguity with a colour, has a tendency to become tinctured 
with the complementary of that colour ; the presence of this 
trace of the complementary colour enhances the quality of the 
cxriginal colour itself, in obedience to the law of contrast : the 
same effect is observed, also, with grey and black when placed 
in contiguity with colours. 

This remarkable law of contrast, of which we ore now 
speaking, may, indeed, in its widest terms and most general | 
application, be summed up in the statement that two differing 
colours or differing tones tend, when placed together, to differ 
still more. Light tones and colours become lighter, ^k tones 
darker, complementary colours are mutually enhanced in distinct- 
ness ; and where a colour is present without its complementary, 
that complementary is, as it were, evolved, owing to extra j 
sensibility of the eye for those colours which are not presented 
to it when it has been excited and fatigued by those at whidli 
it has been gazing. Before studying the more complex combina- 
tions of colours and their applications in the arts, it will be expe- 
dient to develop a little more fully some of those principles on 
which the "subjective” or "ocular” modifications of colours 
depend. To such phenomena we have just now, as well as on 
former occasions, briefly alluded ; but we are now in a position ; 
to extend and amplify our previous observations. 

The subjective modifications which colours suffer arise from , 
at least three oanses. 

First of all, we have the persistence of the impression on 
the retina of the eye.* The discharge of a Leyden jar 
gives a spark which is sensibly instantaneous, and yet the 
impression which it makes upon the eye endures a distinct 
fraction of a second. The spokes of a rapidly-revolving wheel 
are seen with perfect distinctness and perfectly separate if it be 
illuminated by an electric spark, although in an ordinary light 
they may present a shadowy surface, whore all the elements of 
the wheel are blended together. Yet the apparent solidity of 
this Burfaoe may be proved to be unreal by its approximative 
transparency to objects placed on the further side of it. These 
objects, if properly lighted, can bo readily perceived through 
the shadowy surface previously described. Similarly with a 
series of flashes of electric sparks ; if these follow one another 
at intervals less than the pt^riod during which the impression 
of each spark remains upon the retina, the resultant effect will 
be that of a oontinuous light. A familiar example of this 
persistence of impressions upon the retina is to be found in the 
experiment of rapidly whirling a glowing stick or piece of red- 
hot charcoal ; a oontinuous circle of light being produced under 
these oiroumstanoes, if the rotation be sufficiently rapid. Now 
the effect of this peculiarity of the optical arrangements of the 
hnman eye is very marked in the case of colours ; but it does 
not take place exactly in the direction in which we might expect 
it. It would be imagined that if one of the eyes has been looking 
at a yellow disc or other yellow object it would perceive, when 
directed upon a blue object, a mixture of yellow and blue, or 
a colour lying between them. However, under such oironm- 
stanoes the blue object, so far from acquiring a greenish tinge, 
becomes rather tinctnred with a violet hue. This effect is really 
one of subjective colour, as well as of persistent vision ; for 
the eye having seen a yellow object is partially blinded or 
paralysed, so far as that component of white is concerned; 
aoqni^g, on the other hand, greater sensitiveness to the per- 
ception of the complementary of yellow — that is, violet. White 
surfaces, or even coloured surfaces, which, of course, reflect 
much wl^te light, will then have their violet or red and bine 
constituents l^nght into nnnsnal prominence by the previous 
perception of yellow, and will be consequently tinctured with 
violet. As it is ffiffloult to carry out mentally, from this prin- 


* niustratiaus of the remarkable effects produced by persistenoe of 
vision, and the imitation of this natural effect by various soientiflo 
toys, will be found in the articles entitled *' Beoreative Soienoe *’ which 
appear in Ths Towvlam Edvcatob. 


dple, the whole scheme of altemtions of colour effected by the 
peonliar kind of contrast just desoribed, we shall here give a 
list of the principal colours as modified by the previous per- 
oeption of others. Before doing so, it may be advisable to 0ve 
our readers a method of proving for themselves that such 
modifications really occur. 

Cloee the right eye, and then look steadily with the left at a 
sheet of red paper. When the red paper appears dull, owing 
to the special sort of fatigue it induces in the eye, look im- 
mediately, still with the left eye, upon a sheet of violet paper. 
The violet paper receiving the complementary of red — namely, 
green — ^becomes much bluer. To verify this observation it is 
only necessary, after having closed the left eye, to open the 
right, and to l^k with it upon the sheet of violet paper. The 
violet will be perceived very differently now, and so far from 
being bluer than in reality, may aotnally appear modified in the 
contrary direction— becoming more red, instead of more blue. 
To be performed with snooessful emd distinct results, such 
experiments as these require great care and frequent repetition. 
Moreover, different individu^a have very different powers of 
appreciating colours and of recording their impressions. One 
eye, also, will often be found to differ from its fellow in many 
important particulars. Notwithstanding the delicacy and diffi- 
culty which may be experienced in determining the special 
relations of oontrast (often called "mixed contrast”) now under 
consideration, they are of considerable importance in the practice 
of some kinds of decorative art. 

We now give our list of the modifications induced by mixed 
contrasts of colour. 


ly the eye hoe Jint eeen 

and then loeke at 

the latter colour trill appear 

Yellow, 

orange, 

reddish -orange. 

Yellow, 

red, 

reddiah-violet. 

Yellow, 

violet, 

bluish-violet. 

Yellow 

blue, 

violet-blue. 

Yellow, 

green, 

bluish-green. 

Orange, 

yellow. 

greenish.yellow. 

Orange, 

red, 

reddish-violet. 

Orange, 

violet, 

bluish-violet. 

Orange, 

blue, 

tinged with violet. 

Orange, 

green. 

bluish-green. 

Bed, 

yellow, 

greenish-yellow. 

Bed, 

orange, 

yellow. 

Bed, 

violet, 

indigo-blue. 

Red, 

blue, 

greenish -blue. 

Bed, 

green, 

bluish -greon. 

Violet, 

, yellow. 

slightly greenish. 

Violet, 

orange, 

yellowish-ora nge. 

Violet. 

red. 

orange-red. 

Violet, 

bine. 

greenish-blue. 

Violet, 

green. 

yellowiab-green. 

Blue, 

yellow. 

orange-yellow. 

Blue, 

orange. 

yellower. 

Blue, 

red. 

orange-red. 

Blue, 

violet, 

reddish-violet. 

Blue, 

green, 

yellowish -green. 

Green, 

yellow. 

orange-yellow. 

Green, 

orange, 

reddish-orange. 

Green, 

red, 

tinged with violet. 

Green, 

violet, 

reddish-violet. 

Green, 

blue, 

viulet-blue. 


It must not 1)0 forgotten that the above modifications of colour, 
arising from mixed oontrast, differ not only in intensity, but in 
persistenoe. The modification produced by the successive view 
of violet and yellow is stronger and more persistent than that 
produced by the snccossive view of bine and orange ; green is 
but slightly modified, and for a brief space of time only, by the 
previous view of red, and so on. And the above-described effects 
of oontowt are influenced, to a great degree, by the difference 
of tone between the colours successively observed. A dark blue 
viewed after orange may actually appear somewhat greenish, 
when the normal modification would be precisely in the opposite 
direction— ^that is, towards violet ; yet this change occurs most 
conspicuously when the blue is of not too full a tone. Amo^ 
the most important oases, constantly occurring in common life 
or artistic practice, of moffifications of colours arising from per- 
sistence of the impressions made on the retina, we may oxte ibe 
difficulty experienced by pamters, from gazing too long at any 
bright-oolonred object, natnral or artificial, of reproducing or 
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matcbing its tone and hue. Again, we may ailnde to the well- 
known inetanoe of the porohaser of coloured fabrics. If a series 
of bright yellow fabrics be displayed, and then some pieces of 
orange or red staff, this latter is regarded as doll, and to haye 
a crimson or even a violet tinge, tinder such drcnmstanoes, 
the retina, fatigued by the sight of yellow, has a tendency to 
i^preciate and perceive violet, its complementary, more dis- 
tinotly. Thus much of the yellow in the orange staff is sap- 
pressed, and it appears redder than it really is ; red similarly 
acquires a violet tinge. Doubtitoss much of the weariness 
ezperienoed by a long examination of the piotnres in an exhibition 
of modem works of art is due to eye-fatigrue, and the consequent 
ocular modifications of colour. 

The second subjective or ocular cause of apparent changes in 
the colours of objects is due to a defect of the organ o)E vision. 
The eye suffers from what in optical langnage is termed ** spheri- 
cal aberration*’ — a scattered light, of varying degrees of in- 
tensity, always surrounding the defined images of luminous 
and strongly illuminated objects upon the re^a. The result 
of this nebulous border about such images is to increase their 
apparent size ; but it is nearly always imperceptible under the 
ordinary conditions of moderate iUnmination. When, however, 
we look at inoandesoent or glowing and luminona bodies, the 
effect is very striking. A piece of charcoal no thicker than 
one’s finger, if lighted at one end and plunged in oxygen, appears 
actually to swell as the combustion becomes more intense and 
the light brighter. A spiral of platinum wire heated to white- 
ness by a galvanic current not only has its diameter, so far as 
the wire itself is oonoemed, enormously increased, but the 
separate turns of the spiral seem to approach and even to 
ooialosoe, if not originally too distant. The orescent of the 
moon appears, for the same reason, to belong to a much larger 
sphere than the dimmer mass of the satellite which it clasps. 
Much of the peculiar indefiniteness and mystery which impart 
considerable beauty to flames of different kinds, to strongly 
illuminated clouds and surfaces of water, and to the intense 
reflected lights of metallic ornaments, is due, in part at least, 
to irradiation, which, moreover, is one of the chief causes by 
which coloured margins are so frequently observed to surround 
coloured objects. A rim of greenish light may be observed 
round a red wafer placed on white paper, owing to the extension 
of the image of the red wafer beyond its geometrical image on 
the retina of the eye. Of course the rim is green, owing to the 
effect of simultaneous contrast. With a pure yellow, such as 
that of the spectrum, or that made by mixing green and red 
light$ together, the rim of irradiate colour would be blue. This 
effect is roughly shown in Fig. 111. of our coloured plate. 

The third ocular oause of the modification of colour has been 
al;ready dwelt upon at some length, and in different places, in the 
present series of lessons: it is the production of subjective 
oomplementary colours. We may just allude to the phenomenon 
here, in order that this most important and fundamental fact 
may be thoroughly impressed upon the minds of our readers. 
Simply stated, the cause of the phenomenon may be triioed to 
the impaired sensibility to light temporarily caused by the 
action of light upon the optic nerve. Not only is this true of 
white light, but of light of every colour. Not only does a 
moderately lighted room appear dork when we first enter it 
from broad sunshine, but, as we have before stated, the last 
piece of yellow or red cloth we look at will seem duller than the 
first, though they have all been out from the same roll. When 
light of any particular colour falls upon the eye, it becomes leas 
sensitive to, and less appreciative of, that colour ; it is partially 
blinded to its perception. So, not only will a r^ wafer placed 
upon a sheet of white paper be surrounded by a rim of oolonr 
through irradiation, but that rim will be green ; and if the 
wafer be moved away, a green spot will occupy its former 
position. For the eye, by gasiag at tiie red wafer, has had its 
sensibility to red light t^porarily impaired, and so the white 
light received on that particular spot of the retina previously 
occupied by the red tinge of the wafer will have its red con- 
stitaent virtually remov^, and will produce the effect of the 
residual rays — ^namely, a green image, the oomplementary of 
the previooi red one. Several other oontrivanoes for producing 
■abjective oomplementary colours have been devised. One of 
the most satisfaotory of these is to view a surface of white, 
grey, or coloured paper, moderately illuminated, through an 
aperture in another iiiheet of paper of a different colour, and 


placed at a little distance above or before it. The lower surlaoe, 
as seen through the aperture, will be tinged with the comple- 
mentary of the coloured surface above. also, the shadow of 
an object interposed in a beam of colour^ %ht will, if received 
on a screen slightly illuminated with white light, appear to have 
assumed the oolour oomplementary to that of tiie beam ; and, 
for the same reason, a beam of daylight finding its way into a 
room illuminated with yellowish light from candle-flaim, will 
appear violet. The importance of this fact, as regai^ the 
proper treatment of shadows in painting, will have to be insisted 
on and illustrated farther on in the present oom^se. 

We have now studied the mutual effects of many pairs of 
colours, the effects of white, grey, and blaok upon single colours, 
and the effect on a second oolour of the previous perception of 
another. We have then passed to the causes, dependent upon 
the structure of the human ays* which modify the natural ap- 
pearance of coloured objects. We may fitly close this less^ 
with a few remarks on the uses which may be made of some of 
the foots and laws which have just been stated, confining our 
attention at present, however, to those effects of the apposition 
and separation of coloured spaces which are illustrate in our 
oolonre plate. 

We have before stated that the y^ow is the most forcible, 
luminous, and prominent of the primary cblours. It will appear 
nearer to the eye than either red or blue. In Fig. IV. (ooloured 
plate) a yellow leaf pattern is represented upon a ground par- 
tially red and partially blue. YHiile there is no doubt of the 
prominence of the yellow, it will probably be allowed that the 
red ground appears nearer than the blue ; and if the blue had 
been of a purer and fuller tone still, the retiring effect which it 
possesses would have been still more perceptible. How far the 
retiring effect *of blue is due to association or fancy, to our 
constant view of the sky and the hazj distance of a landscape, 
it is difficult to determine. But there can be. no doubt that we 
are obliged, in decorative and pictorial art, to recogpuse the 
idea of distance conveyed by blue and bluish hues, and that 
such colours afford means of attaining effects of mystery, 
obscurity, hoUowness, etc., which other hues do not furnish. 
Another association with the oolour blue is that of coolness, just 
as red recalls the glowing warmth of a fire, and yellow the 
bright shining of the sun. Another feature of our diagram 
(Fig. IV.) is the distinctness of the sensation imparted by the 
three colours, yellow, red, and blue. If the red approaches the 
yellow rather more closely than the latter does the blue, it arises 
from the impossibility of representing by actual pigments these 
three colours. 

Figrs. V. and YI. teach another fact relating to ooloured spaces 
in contact. Often when we attempt to mix oolours, our mixture 
is anything but successfuL The difficulty of getting a good 
violet by adding blue and red together is well known. The 
result may be achieved in a different way. If lines or dots of 
red and blue , be distributed suitably over a surface, the effect 
of violet will be produced — at all events, when the figure is held 
at some distance. One mode of accomplishing this result is 
seen in Fig. YL, where the distinotion of the two oolours is lost, 
and a mixed oolour effect produced, in obedience to the laws of 
subjective colours already announced. In Fig. Y. the two oolours 
retain their distinctnees at ordinary small distanoes. 

When two oolours of about the same intensity and tone, as 
the blue and yellowirii or leaf-green in the central stripes of 
FigB.yiI., and YHI., are in contact, there is a want of distinotness 
and puri'^ about the margins of the contiguous colours, ^whioh 
renders the oombination by no means a pleasing or favourite one. 
Yet a bright leaf-green is often seen in Nature against the deep 
blue of a summer sky, and no one dreams of quarrelling with thif 
arrangement of colour. There are, however, delicate differences 
between the natural and artificial appositiona of green and bine. 
The green leaves of trees are full of minute variations of tone, 
struoture, and form, and they are further helped to oontrast 
with the more uniform blue beyond them by the refleoted illuini* 
nation of some of the edges and the shaffing or dukening of 
others. The latter mocUfioatbn may be represented to us 
roughly in Fig. YlII. . Here we see the enormous importance of 
white and of blaok, even in the narrowest lines and smallest 
quantises, in separating related oolours. Such oolours, diffioult 
as they are to harmonise successfully under many ordinary con- 
ditions, afford by the aid of blaok or white oombmationB of 
great delicacy and beauty. 
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ANIMAL COMMERCIAL PRODUCTS.— XIII. I The5v*«t»,orta«<doiihiBor«hiiiing«8nil.traiiip««ntl«)^ 

I DTXB t filomentfl, by which many kinds of bivalTes attach them- 

* * , ; bcIycs to rocks, is in the large Pinna or wing-shell (Fig. 5) so 

Sous of the MoUusoa furnish dyes and pigments. The de veloped, that by tbe natives of Sicily it is manufactured 

yields vanons shades of purple and crimson. The celebrated ^ into gloves, socks, caps, etc., of a beautiful brownish colour. 
Tyrian purple was formerly obtained from MwreiB trunculus. These are valuable as objects of curiosity, but too expensive for 
The cuttle-flEdi (Sepia qjfficinaHs)^ which clouds the water by ! general use, the price of a pair uf gloves being six sldllingS) s-Tid 
ejecting from its ink-bag a deep black fluid, thus effectually oon- ; that of a pair of stockings eleven shillings, 
oealing itself, supphes the well-known pigment, sepia, of a deep : The largo proportion of lime in shells renders them useful 
brown-blaok oolour ; and a oaloc^ous spongy plate, found in in making oement, and valuable as a fertiliBer of the soil 




the same flsh, is used as a substitute for emery or sand-paper, 
and as a dmitifrioe. 

II. — ^SHEIit.8. 

The beautiful variety of form and oolour in sbells has in all 
ages attracted 
notice. Among 
savages she^ 
areueed for per- 
sonal adorn- 
ment, and made 
into domestio 
utensils, such as 
knives, spoons, 
drinking -cups, 
fish-hooks, and 
evenrazors. The 
wampum belts i 

0 i spmo of the ‘ 

North American 
tribes are made 
of shells. A 
small species of 
white glossy 
shell, called 
cowry (Cyproea 
moneta, I^gs. 1, 

2), abundant in { 
the Asiatic and 
African shores, 
is used as money 
in small pay- 
ments in India 
and throughout 


and for this reason sheU-sand, the produot of their natural 
crumbling on sea-shores, is employed with advantage in im- 
proving heavy loams and clayey or peaty soils. Mixed with any 
soil deficient in lime, shell-sand exercises a beneficial influence. 

If we look at 

other, their 

iVfn T margins pre- 

^ A senting a series 

of lines with 


extensive dis- 
tricts in Africa, 
100 being equi- 
valent to one 
penny. The 
same cowries 
are converted 
into a glaze for 
earth on ware 
and an enamel 
for olook faces. 
Cyprma coed- 
nella (Fig. 3) is 
found in the 
English Chan- 
nel. The thin 
inner layers of 
a large flat bi- 




waved edges 
These wrinkles, 
or furrows, 
whioh are of 
m icroBOopio 
proximity and 
minuteness, de- 
oompose the 
rays of light, 
and produce 
that beautiful 
iridesoout play 
of colours visi- 
ble on the sur- 
face of the shell. 
It is this na- 
creous lustre 
whioh renders 


valve (Placuna placenta) found in the Chinese soa, remarkable 
for their transparency and the absence of the nacreous or 
pearly layer within, are used by the Chinese for windows instead 
of gloss. In Boman Catholio countries olam shells form reoep- 
taoles for holy water ; while some, perfectly white, are out up for 
urm-ringa and other ornaments. The Valuta grams, or chank 
shell of India, fished up by divers in the Galf of Manaar on the 
north-west coast of Ceylon, is exported to India, where it is sawn 
various sizes, and worn on the arms, legs, fingers, 
and toes, by the Hindoos. The demand for these shells is 
oaurod by the religious rites of the Hindoos, and some ohoioe 
nmens of them are valued at their weight in gold. The helmet 
R'lppliee pieces large enough for umbrella 
the nacreous or inner layers of this shell, and 
^ exquisitely sculptur^ by Italian artiirks in 
of antique cameos, and employed for rings, brooches, 
luiiai braoelets, and other omamenta* 


shells so capable of being applied to oimamental purposes, and 
gives to them their principal commercial importance. 

The brilliancy of the colours reflected depends on the thin- 
ness of the laminae of the nacre. Where the laminae are thick, 
a dull white appearance only is visible, as in the oyster. Some- 
times the external layers covering the naore ate rubbed off by 
natural causes, as in the case of shells whioh have been sub- 
jeoted to the roll of the waves on the sea-shore, where quantities 
may be found having the bright and iridescent nacreous surface 
exposed, but more or less injured ; generally, however, these 
outer layers are removed artificially with a knife, and the shell 
is polished. This nacreous layer is the well-known mother-of- 
pearl, and shells having it in the greatest abundance are called 
pearl riiells, such as the sea-ears (HalioUs) and a large speoies 
of top-shell (Turbo marmoratus, L., Fig. 6). Mother-of-pear^ in 
oonsequence of its lamellar structure, admits of being split into 
lamina ; or it is out, without being split, into square, angular. 
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or oiroiilar pieces, which are employed extensively in the arts, 
partionlarly in inhud work and in the mannfaotnre of knife- and 
rasoT-handles, bnttons, snnff-boxes, and toys. Cut into the 
form of leaves, flowen, and other devices, it forms a favourite 
material for omamentix^ papier-mAch4^a name given to articles 
mannfaotured from paper pnlp, which is moulded into varied 
forms, and rendered as hard as wood by being dried in an oven. 

The most valuable shells in commerce ai«, however, those 
which form the nacre into the hue, compact, concentric layers 
ealled pearls. These pearls are sometimes found free within 
the lobes of the mantle, but most frequently adhere to the 
nacreous coat of the shell. The Bx>ecie8 which produces the 
largest and most valuable pearls is the 

Pea/rl Oyster {Meleagrina margartUfera^ L., Figs. 7, 8). — ^The 
most valuable pearl fisheries are those on the western coast of 
Ceylon ; at the Bahrein Islands in the Gulf of Persia; at Tutioo- 
reen, on the coast of Coromandel ; off St. Margarita, or Pearl 
Islands, in the West Indies ; in some places on the coast of 
Colombia ; and in the Bay of Panama in the Pacific. Very large 
and beautiful pearls, too, are said to have been found recently 
on the peninsula of California. The fisheries in the Persian 
Gulf are the most valuable, giving employment to 4,000 boats 
and about 80,000 people, and yielding a revenue of more than 
8,500,000 thalers ,'^8375,000) a-year. 

The value of pearis depends upon their sise, purity, and lustre. 
Tim beet are spherical, free from spot or stain, and have a clear, 
bright, white or yellowish-white, or bluish colour, with a pe- 
c^ar lustre or iridescence. They vary in size — some not 
bigger than small shot, and others as large as a pea or bean. 
When pearls dwindle to the size of small shot, they are called 
Bood-pearls, and are then of little value. “ A handsome necklace 
of Ceylon pearls, as large as peas, is worth from ^6170 to ^3300 ; 
and ono of pearls the size of peppercorns may bo had for 
The largest and most valuable pearl of which wo have any 
authentic account was purchased by Tavernier, at Catifa, in 
Arabia— a fishery famous in the days of Pliny— for the enormous 
sum of .£10,000. It was pear-shaped, two inches in length, and 
half an inch in diameter, and is now the property of the Shall of 
Persia. The finest pearls generally pass under the name of 
Oriental pearls and those with less lustre and beauty, even if 
they do come from the East Indies, ore called “Occidental pearls.” 

Pearls are most abundant in the pearl oyster, which appears 
to bo subject to a disease, caused by the introduction of foreign 
bodies within the shell. A pearl, if out through, will generally 
show a nucleus, formed by a grain of sand or some other foreign 
body, around which the nacreous matter has aooumulated in 
oonoontrio deposits, instead of being spread in the usually hori- 
zontal laminm on tho inside of the shell. 

The value of pearls has been greatly depreciated in modem 
times through the suooossful imitation of them. The spurious 
glass and wax pearls now made in Paris, Venice, Nuremberg, 
and Bohemia have much diminished tho trade in real pearls. 
The best imitations were first made by a French bead-maker 
named Jaoquin. The water in wliich the fish called the bleak 
{AWumus Inddus) is lushed, is filled with powdery partioles, 
which shine with a pearly lustre. Jaoquin noticed this; he 
called this powder “ essence of pearl,” or ** essence de V Orient,'* 
and suoceeded in covering tho inside of glass bea^ with it, thus 
producing a most admirable spurious gloss pearl. A con- 
siderable troflo is done with spurious pearls on the coasts of 
Senegambia, Guinea, and Congo, and the adjacent islands, whore 
they ore indispensable goods for the transaotion of business 
with the natives. ^ 

NOTABLE INVENTIONS AND INVENTORS 

VI.— THE MAEINEB’S COMPASS. 

Tm connivance by which tho magnet, in tho very middle of a 
^ distant polo, and remains a 
^thful ^de to mariners, is the oomposs, before the invon- 
Clou of which — - 

“ Bade as their ships was navigation then. 

No useful compass or meridian known ; 

Coasting, they kept the land within their ken. 

And knew no north but when the Pole-star shone.” 

• See Pearia, ^BioUouary of Oommeroe.” by J R Tw 
ilso “Journal of the Sodety of Arts.” Nor8W. Tol. xviU 


If we hang up a magnet by a thread, or allow it to swim in 
quicksilver, or place it in a small bit of wood fioatiug in water^ 
it never oomes to a state of rest until one end points to the 
north and the other to tho south. The needle or index of a 
compass is a prismatic piece of tempered steel, which, by having 
been rubbed on a magnet, has acquired a magnetic power, 
and which, being placed on a pivot, if. at liberty to turn in all 
directions. 

This accidental disoovery of the property of a natural sub- 
stance rapidly influenced tho fortunes of mankind. “In the 
development of the commercial spirit of the Crusades, Providence 
is seen in its most manifest footsteps. Sitting upon the floods, 
it opens to new enterprises. The compass, twinkling on its 
card, was a beam from heaven ; that tiny magnet was given as a 
seigniory of earth and sky. Like a now revelation, the mysteries 
of an unknown world were unveiled; like a new illapse, the 
bold and noble were inspired to lead the way. Diaz doubles 
tho Cape of Storms; Da Qama finds his oourse to the East 
Indies ; Columbus treads the Bahamas ; and twelve years do not 
separate these discoveries.” 

The compass was the invention; the discovery which preoeded 
it — for there must be a discovery preceding every invention— 
was the finding of the natural magnet or loadstone ; and “ this 
did more for the supplying and increase of social commodities 
than those who built workhouses,” as said the grave philosopher, 
John Locke. Tho power of tho loadstone to attract iron was 
known to the ancient Egyptians, who, however, did not apply it to 
j any practical purpose. It is referred to by Aristotle and by Pliny, 
who tell us that ignorant persons called it quick-iron ; and in 
the Middle Ages it wag believed to posseBS m^ioinal properties, 
as an alterative and cure for sore eyes. Tiger Island, at tho 
mouth of the Canton river, in China, consists chiefly of magnetic 
ore, and mariners say that the needles of their compasses are 
much affected by their proximity to the island. Tradition 
extends the story to drawing the nails and iron bands from tho 
pl^ka of ships, and thus causing them to fidl to pieces ; and 
it is remarkable that Chinese writers place the above magnetic 
island precisely in the region of the story of tho voyages of 
Sindbad tho sailor. 

At what period the ^polarity of the magnet, or its disposition 
to turn to the north and south poles of tho earth, was first dis- 
covered is not known. The Chinese appear to have known it 
from a very remote date, and to have extended it through most 
I of the loading countries of Asia ; tho magnetic compass being 
j used on land service prior to service at sea. Extracted from 
j the Szuki of Szumathsian, a Chinese historian contemporary 
with the destruction of the Bactrian empire by Mithridatos I., 
wo find tho following oxtraordinaiy relation ; “ The Emperor 
Tchwingwang, 1,110 years before our own, presented to tho 
ambassadors of Tong-king and Cochin-China, who dreaded the 
loss of their way book to their own country, five magnetio cars, 
which pointed" out tho south by means of the moving arm of a 
little figure covered with a vest of feathers ” “To each of these 
cars, too, a hodometer, marking tho distance traversed by strokes 
of a bell, was attached, so as to establish a oomplete dead reckon- 
ing.’* (Humboldt’s “ Cosmos.”) “A thousand years before our 
era, in the obscure ago of Codrus, the Chinese had already mag- 
netic carriages, on which the movable arm of the figure of r 
man continually pointed to the south, as a guide to find the 
way across tho boundless grass-plains of Tartary ; nay, even 
in the third century of our era — therefore at least 700 years 
before the use of the mariner’s compass in the European seas— 
Chinese vessels navigated the Indian Ocean under the direction 
of magnetio needles pointing to tho south. Klaproth has 
oollooted from Chinese authorities many curious anecdotes of 
the use of those chariots. Under the Tsin dynasty they formed 
a part of every royal procession. Whatever was the position of 
the car, the hand of the prism always pointed to the south. 
When the emperor went in state, one of these oars headed the 
procession, and served to indicate the cardinal points. The 
magnetio wagons or cars were made as late as ^e fifteenth cen 
tury ; several of them were carefully preserved in building the 
Buddhist monasteri^, in fixing the points towards which the 
main sides of the edifice should be placed. Humboldt mention! 
the oiroumstanoe, that the magnetio land oar used in China ha<i 
attached to it a way measure. Over the trackless land, they 
were more certain of their oourse than the seaman of this ago, 
who imperfectly ascertains the speed of his vessel by the log- 
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lino, xmoertain of liis leeway, and has to oorreot all by the 
obeenratioxi of the heavenly bodies for his latitude and for his 
longitnde, the time by a watoh showing the diiferenoe of noon 
at his place of observation and the port from whi(^ he started.’* 
Thus writes Mr, Baokton to Notes and Queries,** 3rd Series, 
No. 257, adding: ** Mr. Sooresby (afterwards a clergyman) was 
the owner and master of a ship in the North whale-fishery from 
Liverpool. In a lecture delivered by him thirty-four years ago, 
he exhibited an important experiment, which does not appear 
ito be generally known. Ho took a bar of iron two or three 
ieet long, about one inch in diameter, and placing it in the 
direction of the magnetic meridian — that is, pointing to the 
north, at an angle of 40^ or 50^ with the horizon — he struck 
it a smart blow with a heavy hammer, by which from a simple 
bar of iron it became a magnet. Afterwards he placed the 
name iron bar in a direction at right angles to its former posi- 
tion, and striking it as before, its magnetism was thereby die- 
oharged, and it was proved to have none of the properties of a 
magnet. At the time I considered this a favourable illustration, 
although not so design^ by Sooresby, of the magnetic theory 
of Euler, disclosed in his 'Letters to a German Princess.* ** 

The history of the compass in Europe has been much con- 
troverted. The twelfth oentuiy is assigned os the jjeriod of its 
introduction into Europe ; but it does not appear to have been 
then brought into common use for nautical purposes. Though 
passages of various dates speak explicitly of the use of the 
compass for land purposes, yet no mention of the magnet for 
^Muvigation occurs, in any Ghinese books that have come to the 
knowledge of Europeans, till the dynasty of Tsin, which lasted 
:from the year 265 to 419 a.d. It is in the gi'eat dictionary, 
Soi-wen-you-fou ; and it is there stated that “ there were then 
iron ships directed to the south by tlie needle." Sir John 
Davis contends that this passage rather refers to the magni- 
tude of their ships, and the extent of the voyages which they 
performed, than to the introduction of the needle into marine 
.affairs. In the ninth century two Mahometan travellers are 
stated to have traded in ships to the Persian Gulf and the Bed 
Sea, and though the compass is not mentioned, it is utterly im- 
probable that the Chinese should have known the directive 
property of the magnet, and have used it on land in thirty 
-centuries, and yet not have employed it at sea. 

It was known on the Syrian coast before it had come into 
general use in Europe, as is obvious from a passage in a manu- 
script written in 1242, which thus describes the natural compass : 
“ Wo have to notice, among the other properties of the magnet, 
that the captains who navigate the Syrian sea, when the night 
is 80 dark as to conceal from view the stars which might 
direct their course according to the position of tho four cardinal 
points, take a basin full of water prepared for the purpose by 
placing it in the interior of the vessel ; they then drive a needle 
into a wooden peg or aoorn-stalk, so as to form tho shape of a 
cross, and throw it into the basin of water prepared for the 
purpose, on the surface of which it floats; They afterwards 
take a loadstone of a sufficient size to fill the palm of the hand, 
or even smaller, bring it to tho surface of tho water, give to tho 
Jianda a rotatory motion towards the right, so that tho needle 
turns to the water’s surface ; they then suddenly and quickly 
withdraw their hands, when the two points of the needle face 
north and south. They have given mo ocular demonstration of 
“this process during our soa-voyagcs from Syria to Alexandria in 
the year 650 of the Hegira.** When we consider tho jealousy 
with which all knowledge was guarded by its poaseasors, espe- 
cially that of commercial value, we cannot but admit that the 
use of the oompass must have been very common at a period 
when a passenger was initiated into the complete knowledge of 
the mode of magnetising the steel needle, as well as the mode 
of using it. 

About 1260, aooording to Dante’s teacher, the needle was 
highly useful at sea, but the navigators were prejudiced against 
its adoption ; for, says ho, “ no master-mariner dares to use it, 
lest he should fall undez the suspicion cf being a magician ; 
nor would even tho sailors venture themselves out to sea under 
his command, if he took with him an instrument which carries 
HO great an appearance of being constructed under the influence 
of some infem^ spirit.’’ Dante refers, in a simile, to “tho 
need le which points to the star ;** and Baymond Lully, in 1286, 
■remarked that the seamen of his time employed “instruments of 
tmeasnrement, seo-oharts. and the magnetic needle.** 


The earliest mention of the primitive mariner^ compass in 
English records is that in a work by Alexander Neokham (b* 
about 1150), entitled “ Treatise on Things pertainixig to Ships.” 
In the reign of Edward III. the magnet was known as the Oil- 
stone, or Adamant, and the compass was called the Sailing-needle* 
or Dial ; though it is long after this period that we first find the 
word compass. Chaucer, who died in 1400, mentions the com- 
pass and the sailors reokoning thirty-two points of the horisou, 
which is the present division of the cord. Dr. Gilbert, physioiaii 
to Queen Elizabeth, and who bestowed much attention upon mag* 
netism, compared the earth to a great magnet ; and in our time 
Faraday said, “ The earth is a great magnet ; its power, accord- 
ing to Gauss, being equal to that which would be conferred 
every cubic yard of it contained six one-pound mag^nets ; the sum 
of the force is, therefore, equal to 8,464,000,000,000,000,000,000 
such magnets.’’ The use of the word compass had become 
familiar in the reign of Charles I., and Bowe, in his Play of 
“Jane Shore," speaks of “the seaman's compass.’* 

Sir John Ross, during his last voyage in the FeUx^ whec 
frozen in about 100 miles north of the magnetic pole, conoeu- 
tratod the rays of the full moon on the magnetic needle, when 
, he found it was five degrees attracted by it. A curious notion 
j has been current, more espeoially on the shores of the Mediter- 
i ranoan, that if a magnetic rod be rubbed with an onion, or 
I brought into contact with the emanations from that plant, the 
directive force will be diminished, while a oompass thus treated 
will mislead tho steersman. “ It is difficult," says Humboldt, 
“ to conceive what could have given rise to so singular a popular 
error," (“ Wonderful Inventions,*’ 1868.) 


TECHNICAL DRAWING.- XXL 

DEAWING FOE MACHINISTS AND ENQINEEES. 

Fia. 215. — The subject of this lesson, based on a study in Pro- 
fessor Bradley’s excellent large work, is a dead-beat anchor 
escapement. The escapement wheel would carry the seconda 
hand of an astronomical clock. 

The pallets are shown in two positions, when the pendulum 
has vibrated through one arc. 

Draw the circles A and b, and divide A into the number of 
equal parts corresponding with the number of teeth required. 

Froui each of these points draw linos touching the oiroum- 
ference of tho circle B, as shown by tho lines o i> and E F. 

Draw the circle a, and with tho radius divide it into six equal 
parts : tho radii drawn from those will be tho centre lines for 
the arms 

Now from, tho points of the teeth draw tangents to the circle 
G, as shown in the lines H j and i K. 

The lines H J and i K will cut the lines c D, and the other 
, faces of tho tooth, in points l, m. etc., all of which will be 
j situated on the circle, and thus C l will bo tho depth of tho face 
I of tho teeth. 

The line H j, etc., will also give the upper part of the backs 
of the teeth, as h o, the length of which is fixed by the circle o. 

Tho romainiug portion of the backs of the teeth is drawn as 
shown in another tooth. 

From P and Q, with any convenient radius, describe arcs 
cutting each other in r ; then from r deHoribo the arc p q. 

The student is again reminded, that to find the centre from 
which any arc of a circle is struck, throe points are to bo marked 
on the arc, and the lines uniting them are to bo bisoctod ; the 
intersection of the bisectors will then be the centre of tho arc. 

On each side of s set off s T and s u, for the width of the 
arms at their upper end. 

Draw the circle v, and from w set off w X and w T, for the 
width of the arms at their lower end. 

Draw T Y and u X for the edges of tho arms; but as those 
arms do not run as straight linos into the rim, but are connected 
by curves, tho lines must only be fully drawn from < to y and 
from u to X. 

Tho distance t t may be carried round to each of the arms 
by a circle. On this circle set off t t' equal to t T, and from t', 
with radius t t', draw the arcs connecting the edges of tho arms 
with the inside of the rim. 

The arms are connected at the bottom by circles of any oon- 
venient radius, as shown in tho drawing at z and z'. 
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The HBohor in ite first position is an aro drawn from 1, 
whilst in its second position the aro is stmok from 2. 

remaining portion of the drawing is left to the student’s 
knowledge ; and this plan will be oonstantly adopted, in order 
to rdaaso him as soon as possible from lea^g-sbrings, and by 
throwing him more and more on his own resources, give him 


It is unwise to set off points from each other, for if either one 
be at all inaooniate, the error is carried on throughout the 
work, whereas if all the distances are set off from a centre line* 
imy error will be confined to any one point whicfii xnay haTO 
been inaoonrately meaenred. 

For the same reason the horizontal line a B is to be drawiu 



the opportunity for exeroiee of thought and ingenuity, with the 
conviction that each snooese will give confidence, and inspire 
him with the desire for further exertion. 

Pig. 216 is the front, and Fig. 217 is the side elevation of a 
erans, to draw which the student will require but few instruo- 
tioM. The oontre lino, a b (Fig. 216), is to be dr*wn first, trad 
a horizontal hue having been drawn at a, the distances a c, 
AD, A s, A T are to be set off, and perpendioulara drawn from 
t^m. The distances of the other perpendiculars are to be set 
off from the centre line. This plan is to be universal^ adopted. 


and on each iside of this half the widths of the end of the crank, 
the crank-pin, etc., are to be set off. 

In Fig. 217 the distance from centre to centre, A B, is to be 
first marked, and from these the different concentric oirdes are 
to be described. 

Tlie lines c D and B B are next to be drawn near the circles at 
right angles to A B. On these the widths of the crank are to 
be marked, and the lines c e and d f are to be drawn. The 
subject will now be easily completed. 

Unless formed in one complete forging, the crank, howerer 
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important in maohinery, laboura under the disadvantage of re* j brass or gnn>metal for the pnrpose of diminisbing friction, is 
qni^g the shaft to be divided, as shown at i and J in Fig. 216, accurately fitted within projecting lodges, D, on the outer dr- 
nnlms when placed at the end ; and therefore, when a crank of : ouxnferenoe of the eooontrio, so that the latter may revolve 
a small throw is wanted, as in the mechanism for moving the | freely within it. This ring is connected by a rod, B, with a 
dide-valves of a steam-engine, the eocentrio may be substituted I system of levers by which the valve is moved. 



for the crank. This will bo further elucidated in another lesson. “ It is evident that as the shaft to which the eocentno^ is 
In the eccentric (represented on a larger scale in Fig. 218) a fixed revolves, an alternating rectilinear motion will be im- 
circular plate. A, is surrounded by a hoop, jb, the plate being pressed upon the rod, its amount being determined by the 
movable about the centre of motion at o* occontribity, or distance between the centre of the shaft, c, and 

“ The circular eccentric is simply a species of disc or pulley, that of the exterior circle, 
fixed upon the crank-shaft, or otiier rotating axis of an engine, “ The throw of the eccentric is twice the eccentricity of o 
in such a manner that the centre or axis of the shaft o shall or it may be expressed as the diameter of the circle described 
be at a given distance from the centre of the pulley. by the point T. j u 

“A ring or hoop, either formed entirely of or lined with “The nature of the alternating motion generated by ths 
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cironlar eooentrio is identical with that of the orank, which 
nifl'ht in many oases be advantageously substituted for it.’* — 
Blanc and Armengaud, 

In commencing to draw this example, describe the circles for 
the hoop, from the centre r. This hoop, which is made in two 
portions, united by bolts and nuts, is strengthened by flanges, 
a and the arcs of which are struck from the centres g and g' 
a little above and below the centre, f. 

The end of the shaft, c, and the circles surrounding it, are 
now to be drawn ; then the arm, and subsequently the web, 
H H. In order to guide the student in joining the curves, the 
centres of the arcs by which they are united are marked, and he 
is urged to work with the utmost care and accuracy, so that the 
ourves may flow gracefully into each other. The double nuts 
are next to bo drawn. 

The fork of the rod is formed by three arcs. The arc i has 
its centre at i, and this is continued by an arc, K, turning in 
the opposite direction, drawn from The inner arc, J, is 
struck from j. The rest of the figure will now be easily drawn 
without further instructions. 

Fig. 219. — This figure represents one of the ends of the valve^ 
rod of a marine engine. The centres from which all the arcs are 
drawn are shown, and the whole object being of a very simide 
form, is left for the student to draw without further aid. 

For by this time the student who has diligently and intelli- 
gently followed our instructions from the very beginning will 
no doubt think himself able to bear a certain degree of inde- 
pendence, and it is our desire to encourage such a healthy senti- 
ment, within reasonable limits of course. Other things being 
equal, the sooner the student feels his feet the better. 


TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

L— AID AFFOEBED BY THE BEPABTMBNT TO INSTRUC- 
TION IN ART— NATIONAL ART SCHOOL. 

BY SIR PHILIP MAGNUS. 

Special classes were started at Marlborough House for the 
training of designers for textile fabrics of all kinds, for metal 
work, porcelain painting, wood engraving, etc. In 1857 the 
school was removed to South Kensington, whore the instruc- 
tion is now carried on, the teaching having been developed on 
more general lines than was originally intended. 'Veiy recently, 
however, a more technical direction has been given to the art 
instruotion, with the special object of training trade designers 
rather than mere picture painters. Between the year 1851 and 
the present time, successive efforts have been made to encourage, 
by means of grants, the teaching of drawing in elementary 
■ohoola, which is the first step towards the popularising of any 
system of technical education. To what extent these efforts 
have proved suooesaful may be inferred from the statistics 
adduced in a former chapter, from which it appeared that a 
large proportion of the children in attendance at public ele- 
mentary schools did not learn drawing. The progress made, 
however, during the last few years has been considorablo. For 
it appears from the oflioial returns that in the year 1872, draw- 
ing was taught to 194,549 children, in 1,773 elementary day 
schools, and that in the year 1880, the oorresponding numbers 
were 870,491 children under instruction in 4,446 schools. It 
was probably owing to the insnfiioient training in elementary 
drawing and modalling, which the students seeking to become 
designers had received, that the Department was unable to give 
effect to its original programme of providing technical instruc- 
tion in different branches of ornamental art. In order to make 
the teaching of drawing an essential part of elementary instruo- 
feion, it is necessary that it should rank as an obligatory subject 
with reading, writing, and arithmetic ; and the Ztoyal Oommis- 
aioners on Teohnioal Instruotion issued a recommendation to 
this effect. But drawing has not yet become a oompulsoiy sub- 
ject, notwithstanding the recommendation of the highly compe- 
tent body mentioned. 

If young persons engaged in manufactures come to the evening 
art schools after having received some elementary instruction in 
drawing and possibly in modelling also, and with a knowledge 
of the capabilities of the material in which they have to work as 
acquired in the shop or factory, they will very readily be able 
to apply their knowledge to the production of original and suit- 


able designs ; and the great advantage of making instruction in 
drawing general is that whilst every pupil will derive some 
benefit from it, the opportunity will be afforded at an early 
period of the children’s education of selecting for more advanced 
teaching those who exhibit any decided taste or aptitude for 
art instraction. 

Aid is now given by the Department towards promoting: 
art instruction in elementary day schools and in training; 
colleges for the teachers of elementary schools ; in art classes’ 
for young persons above twelve years of age, and older students' 
of the industrial olasses ; and in schools of art, in which 
students can go through a complete course of art instruction. 

Payments varying from ten shillings to three pounds ore 
made to the oommittees of art dassos on account of each exercise 
worked by a student, under given conditions, provided that the 
teacher of the class has given not less than twenty-eight* 
lessons. Prizes are also given to the students. In schools of 
art, which are defined as rooms devoted wholly to instmetiom 
in art,*’ payments are made to the local committee on aooonnt^ 
of artisans or apprentices varying from ten shillings to ten 
I pounds according to the character of the work examined. Inr 
! order to encourage modelling of an elementary character,. 

■ examiners are sent to towns where classes are carried on to 
hold an examination on the spot, with a view of saving the oosn 
of transmitting works to London. Additional payments are 
now made on account of students who have attended at least* 
forty lessons in modelling. This further assistance to the 
teaching of modelling will undoubtedly encourage instruotion 
in this subject, which has hitherto been far more generally 
taught in other countries than in our own. Grants in aid of the 
establishing and equipping of schools of art are given by the 
Department on conditions similar to those on which pneb 
grants are given for science schools. The lion of the Depart- 
ment on art examples purchased with its aid is determined 
after five years’ oontinuous nse of the examples, which then be- 
come the absolute property of the school. 

Corresponding to the Normal School of Science is the 
National Art School for the training of art teachers. 

The course of instruotion comprises the following : — 

Stage I. Linear Drawing by aid of instruments. — (a) 
Linear Geometry, (h) Mechanical and Machine Drawing 
(from the flat, from blackboard lessons, or from elementary 
solids or details of machinery and building construction). 
(c) Linear Perspective, (d) Details of Architecture from copies. 
(e) Soiography. 

Stage II. !^eehand outline drawing of rigid forms from flat 
examples or oopies. — (o) Objects. (b) Ornament (showing 
elementary principles of design). 

Stage HE. Freehand outline drawing from the “round.” — 
(a) Models and Objects, (b) Ornament. 

Stage IV. Shading from flat examples or copies. — (a) Models 
and Objects. : (b) Ornament. 

Stage V. Shading from the “round” or solid forma. — 

(a) Models and Objects, (b) Ornament, (c) Drapery, (d) Timo 
sketching and sketching from memory. 

Stage VI. Drawing the human figure and animal forms from 
copies. — (a) In outline, (b) Shaded. 

Stage VII.- Drawing flowers, foliage, and objects of natural 
history, from flat examples or copies. — (a) In outline. (6) 
Shad^. 

Stage Vm. Drawing the hnman figure or animal forms from 
the “ round ” or nature. — (a) In outline from oasts, (b) Shaded, 
(c) Studies of the human figure from nude model, (d) Studies 
of drapery arranged on figure from antique or on the living 
model, (e) Time sketching and sketching from memory. 

Stage IX. Anatomical studies. — (a) Of the human figure. 
(5) Of animal forms, (c) Of either, modelled. 

Stage X. Drawing flowers, foliage, landscape details, and 
objects of natural history, from nature. — (a) In outline. 

(b) Shaded. 

Stage XI. Painting ornament from flat example, (a) la 
monochrome, either in water-colour, tempera, or oil. (6) la 
colours, either in water-colour, tempera, or oil. 

Stage XII. Painting ornament from the oast, etc. — (a) la 
monochrome, either in water-colour, oil, or tempera. 

Stage Xin. Painting (general) from flat examples or oopies, 
flowers, still-life, etc. — (a) Flowers or natural objects in water- 
oolonr, in oil, or in tempera, (p) Landscapes, or views of buildings*. 
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Stage XIV. Painting (general) direct from nature. — (a) 
Flowers, or still-life, in water-colour, oil, or tempera without back- 
grounds. (6) lAudsoapes, or views of buildings, (c) Drapery. 

Stage XV. Painting from nature groups of still-life, flowers, 
etc., as compositions of colour.— (a) In oil colour, (b) In water- 
colour or tempera, (c) In monochwme or light and shade. 

Stage XVI. Fainting the human figure or animals in mono- 
chrome from casts. — (a) In oil, water-colour, or tempera. 

Stage XVn. Paint^g the human figure or animals in colour. 
— (a) From the flat, or copies, (b) The Head from nature, or 
draped figure, (c) The nude figure from nature, (d) Time 
sketches. 

Stage XVni. Modelling ornament. — (a) Elementary, from 
oasts, (b) Advanced, from casts, (c) Prom drawings, (d) Time 
sketches from examples and from memory. 

Stage XIX. Modelling the human figure or animals.— (a) 
Elementary, from oasts of hands, feet, masks, etc. (b) Advanced, 
from oasts or solid examples, (c) From drawings, (d) The head 
from nature, (e) The nude figure from nature. (/) Drapery. 

Stage XX. Modelling fruits, flowers, foliage, and objects of 
natural history, from nature. 

Stage XXI. i^me sketches in clay of the human figure, or 
animals, from nature. 

Stage XXII. Elementary design. — (a) Studies treating natural 
objects ornamentally, (b) Ornamental arrangements to fill 
given spaces in monochrome or modelled, (c) Ornamental 
arrangements to fill given spaces in colour, (d) Studies of 
historic styles of ornament drawn or modelled. 

Stage XXni. Applied designs, technical or miscellaneous 
studies. — {a) Machine and mechanical drawing, plan drawing, 
mapping, and surveys done from measurement of actual 
machines, buildings, etc. (b) Architectural design. (<?) Orna- 
mental design as applied to decorative or industrial art. 
(d) Figure composition, and ornamental design with figures, 
as applied to decorative or industrial art. (e) The same as 23c, 
but in relief. (/) The same as 23d, but in relief. 

Facilities are offered to teachers in training to receive in- 
struction in this school. Under certain conditions they receive 
gratuitous instruction and a weekly stipend of 208. to 408. during 
the period of their study. Students who are already engaged 
in designing for, or in producing, works of art manufacture are 
considered as the most eligible for these scholarships, which 
ere intended to enable advanced students to prosecute their 
studios in London with a view to their returning to practice in 
the seats of manufacture. 

THB INDUSTRIAL ART MUSEUM. 

The influence of the Department in promoting art teaching, 
in encouraging design, and in improving the taste of tho people, 
cannot be fully estimated without reference to the Industrial 
Art Museum of South Kensington, and to the system of circu- 
lating in the manufacturing centres objects of art and books. 
The South Kensington Museum constitutes one of tho most 
important educational instruments which this country possesses. 
It is regarded almost everywhere abroad with interest and 
with admiration. Foreign commissions have been appointed 
to visit it and to enquire into its organisation, and these com- 
missions have generally resulted in recommendations for tho 
establishment of similar museums abroad. In Paris efforts are 
being now made to found an art museum on the mode of our 
own. A commission that sat in Brussels, presided over by 
M. Buis, reported a short time since in favour of the establish- 
ment of such a museum in that city. No educational institution 
we possess is better known or more highly and more justly 
appreciated abroad than our South Kensington Museum. Time 
was when the foreigner's idea of London was restricted to the 
Thames Tunnel or the Tower, which he believed to be the 
objects of great interest to all Englishmen ; but now-a-days the 
South Kensington Museum is equally well known, and one often 
bean foreigners, who are actively engaged in the working of 
institutions that have for their object the advancement of 
teohnical education, lament the absence from their own country 
of anj^hing corresponding, in the extent and value of its 
collections, to ** South Kensington.** If we would see ourselves 
as others see us, we might sometimes find that we have merits 
which we have not learnt sufficiently to value. 

The influence of museums on the development of taste and in 
en aiMi Dg people to appreciate aod to produce beau^ul objects 


has only recently begun to be understood. It has been already 
remarked that the superiority of the French and of the Italians 
over onrselves in artistic skill is mainly duo to the beautiful 
objects, natural and artificial, by which these people have 
been long surrounded. Tho display of tasteful articles in the 
shops of Paris has had mneh to do with tho making of Paris 
the city of industrial designers. Tho fact that in France, in 
Italy, in Belgium, and in other countries, the museums, the 
picture galleries, and many of the palaces are open on the 
Sunday, and that they are largely visited on this day by work- 
people and their families in b^ weather, or when tho heat is too 
great for the enjoyment of out-door exotoise, has had, and con- 
tinues to have, a powerful influence in refining the taste of these 
people, and indirectly in sweetening their lives, by lifting them out 
of their ordinary surroundings into a world of beauty created by 
human labour. But a museum like that at South Kensington not 
only presents to the eye beautiful objects which must please 
and insensibly affect tho most superfioial observer ; but it shows 
to the more inquiring mind the history of the progress of art, 
and illustrates the gradual advances that have been made as 
diffioulties of various kinds have been successively overcome. 
It is in the variety, in the completeness, and in the arrangement 
of its exhibits, that a museum serves the purpose of an eduoa- 
tional institntion. Tho museum at South Kensington is at once 
an exhibition and a sohool. 

OIRCULA.TION OF WORKS OF ART. 

A very useful and important branch of work connected with 
the South Kensington Museum is the loan of works of art to 
provincial museums and art schools. Wliilst it is very desirable 
that the central museum should bo situated in the metropolis, 
it is equally important that the oolleotions of beautiful objects 
which the museum possesses should be exhibited in other great 
centres of industry, so as to be available for the instruction of 
the artisans of all parts of the country. The authorities of the 
muBeum|.have aooordingly organised a system for the oiroulation 
j of objects of art and of books, suitable for exhibition in local 
I muBcnms and art schools in connection with the Department or 
under the Public Libraries Act. Selections may be made from 
the olasses above mentioned aooording to the speoiol require- 
ments of any locality. These loans are made under certain 
conditions prescribed by the Department with the view of 
securing the objects lent from damage, and of insuring the ready 
access of artisans to these exhibitions. Thus, one of the 
oonditions laid down in tho Art Directory with respect to these 
loans is that : Artisans being students of the school must be 
admitted free ; but all other persons should pay a moderate fee 
for admissiou. To enable artisans, not students in the sohool, and 
others employed in tho day-time to share the benefits to bo 
derived from the collection, the fee on two evenings in the week 
is not to exceed one penny each person.** 


BUILDING CONSTRUCTION.— XI. 

BTONB ARCHES — WOODWORK, ETC. 

The simplest form of arch — viz., tho semi-circular — may be 
considered as the half of a cylinder, and this knowledge wUl 
materially assist the student in projecting the different forme 
now required. The subject of cylinders, their sections and 
developments, having been fully treated in Projection " (sec 
Lessons IX. and X., pages 204, 285), it will only be necessary 
here to apply the principles there laid down. 

Let A B D c (Fig. 75) be the plan of a toad to be crossed by 
a bridge, the arch of which is semi-circular. It must, however, 
at the outset, bo explained that an elliptical or any other form 
of arch would be projected in an exactly similar manner, tho 
semi-circular being merely chosen in this ease as simplest for 
the present pnrpooe. 

Now if the arch were to cross the road at right angles to its 
sides, A B, o D, the elevation would be that drawn as at e f 
(Pig. 76), and, of course, any section taken at right angles to 
the sides would be of tho same form, tho arch being perfeotly 
semi-circnlar. 

Tho development of the soffit — that is, the shape of the 
covering of the interior of the arch — would in that case be a 
parallelogram, whose width would be equal to the depth of the 
arch, and whose length would bo equal to the curve forming 
the semi-oirole e f, and its plsn would bo* the rectangle h i kl« 
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Boif in the present study, the aroh orosses obliquely ^ its eleva- 
tion xnaJdng an angle of 60^ with the side of the road, c d. 
The plan of the bridge then becomes the rhomboid a H i j, 
instep of the rectangle B i K l. 

Tbe oonstruotion neoessary for the proper projection of the 
arch under those drcumstanoes, so as to find its exact shape, 
is an application of the study given in lessons in ** Projection;** 
for it will be seen that the arch must be treated as a semi- 
cylinder f and the elevation as a section of it at an angle of 60^. 

Having drawn the elevation (Fig. 76) as it would be if it 
crossed at right angles to the roadway, and having divided it 
into its vousBoirs, the joints of which converge to the centre, 
draw lines perpendicular to s f from the points e, n, o, p, q, 
B, 8 , F, meeting the line at which the arch really crosses in the 


of the arch (and here again the student is referred for ele« 
mentary information to the figures in ** Projection already 
mentioned). 

Produce the line L h indefinitely, and from the point B, which 
in Fig. 77 is coincident with E of Fig. 76, set off the lengths 
N, o, P, Q, B, 8, F from the original elevation^ in order to obtain 
the length of curve. But the student is reminded that this 
is only approximately correct, for it is measuring chords instead 
of arcs, and straight lines are, of course, shorter than curves, 
as a straight line is the shortest distance between any two 
points. In order, therefore, to approach as nearly as possible 
to the true length of a curve, it is desirable to divide it into 
numerous parts, by which the chords become shorter, and the 
difference between the curved and straight lines is lessened. 



points H, n, 0 , p, 5 , r, a, o (Fig. 77). At those points draw | Divide, then, one of the spaces — viz., F s — into, say, four equal 
lines perpendicular to H o. 1 parts, and set these off from h on L H produced — viz., h h'. 

Now the ground line o H (Fig. 77) corresponds with the | Now there are seven divisions in the intradoa of the arch, and 
groiuid line E p (Fig. 76) ; it is only longer because it orosses ' they are all equal ; therefore set off from h the distances n', o', 
obliquely, and thus the perpendiculars, in oonsoquenoo of this i*', q', b', s', h' equal to F s. The length H h' is thus the length 
lengthening of the whole lino, will be further apart than they of the curve. 

are in the original olova^on. From n', o', p', q', b', s', h' erect perpendiculars, and intersect 

But although they will become farther apart they will not them by horizontals drawn from the points similarly lettered in 
be in any way altered in height ; therefore mark on the per- the base line of the oblique elevation. 

pendioulars % 0 , p, q, r, s, the heights of the perpendiculars Through the points thus obtained — viz., w", 0 ", p", s'*, 

N, o, P, Q, R, 6 in the original elevation (Fig. 76), thus obtaining h" — draw the curve h h'\ and from them set off on the perpen- 
the points n', o', p', dioulors the lengths H i. Connect these points by the curve 

The curve drawn through these points will give the true form i T, and the figure h r T h" (Fig. 78) will be the development of 
of the required elevation, and is the shape for the centering on the soffit of the arch. 

which the arch would be built, and of the templet used in 1 To draw the outer edges of the voussoirs, proceed, precisely 
shaping the separate voussoirs. : as before, to draw lines parallel to the axis of the cylinder, and 

It vdll now be convenient, before too many lines crowd the , at the points where such lines meet the base line of the oblique 
paper, to work out the development of the underneath surface i elevation, draw perpendiculars to g B. Mark on each of 
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iihe heights taken fiom the base Hne in the original elevation, | one is divided into five stairs called winderSt whilst the straight 
•and the rest will be seen from the diagram. I stairs are oallod jlyers. 

Fig. 79 shows a simple projection of one of the vonssoirs, the To draw the winders, produce the lines forming the edges of 
first on the left side. The face is; of course, drawn from the ! the steps h and c, until they meet in A. Then from a, with 
oblique elevation, the curve being struck from the templet | radius a describe the quadrant connecting the lines d c and 
already mentioned, which may for drawing purposes be cut a b. The same radius will also give the quadrant at the oppo- 
out of a piece of veneer. If this is done, the student will easily , site end. From a with any radius desoribo the quadrant B, and 
be able to draw the portion of the curve required for each | divide it into five equal parts ; through these points draw 
TOUBBoir. I converging to A, which 'wiil complete the plan of the winders. 
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Fig. 84 shows tho mode of describing the curtail, or lowest 
step, drawn to the scale of 1 inch to tho foot. 

Dmw A B. equal to the width of tho visible portion of tho 
tread of the step — namely, eleven inches bv scale, an inch and 
a half beipg covered by the step above. 

Bisect A B in c, and divide o b into four equal parts. On tho 
bisecting line c construct the square c d e f, the sides of which 
equEd any one of these four parts. 

From 0 , with radius c B, describe tho quadrant b a. From d, 
with radius d a, describe the quadrant a h ; and from s the 
quadrant K I, wUoh will complete the spiral. 

From X draw a perpendicular, and make i J equal to i e. 
From j, with radius J i, describe tho quadrant i k, and from k 
the straight end of the step will be drawn as shown in the 
general plan. The projection of tho elevation of the stops is 
■o simple that it will not require much explanation. 

Having projected from the plan the mere sections of the walls 
supposed to be out through, draw any perpendicular, as c, and 
on it sot off the heights of the rises. This height is, of course, 
regulated by the room at the disposal of the architect, and the 
height of the floor to be reached : in this ease an average height 
of rise is taken — that of six inches. 

Letter each of these points to correspond exactly with the 
flguring of the edges of the steps on tho plan. (It will be soon 
that, in order to avoid crowding, figures belonging to the 
winders are placed on the lines, instead of at their extremities.) 

Now from the points marked in the perpendicular in tho 
elevation draw horizon tals, and from the points at tho ex- 
tremitios of tho edges of tho steps in tho plan draw perpen- 
diculars ; then the right angles formed by tho intersections of 
the linos similarly lettered will be the end elevations of the 
stairs. All other guidance may be obtained by careful study of 
tho diagrams. 

WOODWOBK: DEAWING FOR CARPENTERS AND JOINERS. 

JOINTS IN TIMBER. 

Before treating of what are usually termed joints, wo must 
give some attention to tho methods of uniting pieces of timber 
so as to increase their length, whilst achieving, as nearly as 
possible, the same amount of strength which the timber would 
have if it consisted of one piece only. 

In writing on this subject, tho author necessarily bases his 
ibservations on the principles laid down by such standard 
authorities os Tredgold, Eobison, Thomas Young, Peter Nichol- I 
son, oto. ; but he has also been guided in some degree by ! 
German and French praotioo. Some of tho examples are i 
culled from Continental souroes, in order to give tho student | 
as extended a view of the subject as the limits of these lessons | 
admit ; and to tho information thus gleaned ho has added tho 
results of his own exporienoe, extending over many years. 

The modes of joining timbers, so as to increase their length, 
are very numerous, and have most of them certain advantages 
when applied under particular oiroumstances. Some of the 
methods adopted are ingenious, but tho simplest is generally 
the best. It will be clear that tho method of joining shown in 
Fig. 85 must bo the strongest that could possibly bo adopted. 
Here two pieoes of the same scantling* are laid over each other 
for a certain length, and then either hold together by iron bolts 
or by bands. The author prefers tho latter, because, by boring 
holes through the timber, the fibres are divided, and the strength 
of the beam thereby diminished. This, it is hoped, will bo made 
clear by the following diagram. 

Let us suppose ourselves looking down on a beam united as 
proposed, by placing the ends one over tho other and bolting 
them together. Our view then would be that represented in 
Fig. 86. 

Fig. 87 shoTTO the seotion of tho lower timber on the line A n, 
as it would bo if bored for bolts, and in this it will be seen that 
the fibres are totally severed at o and d, and that the wood 
between the two bolt-holes cannot in any way contribute to the 
strengih of the beam as far as its length is oonoemed, as it is 
only connected with it by its lateral cohesion, 

J. — The transverse dixnensiODs of a piece of timber in 
breadth and thickness. Scantling is also the name of a piece of 
timber, as of quartering for a partition, or the rafter, pole-plate, or 
purlin of a roof. All quartering (the small timbers of idiioh parti- 
tions are built) under five inches square is called scantling. 


This being understood, we return to the plan (Fig. 86), and 
here we shall see that, as the oonneotion between the fibres at* 
E and F has been severed by the bolts, the whole of the strip 
between them (shown in dotted lines) is rendered useless $ and 
as this ooours three times in the beam, the only parts left in 
their natural strength are those not pierced by the bolts \ and 
these are not fastened together at all. It is therefore neoessary 
that iron pla^ should be placed over tho parts to be joined, 
and by this means the whole may bo hold fir^y together. 

Now the system proposed by the author for joining beams 
of great length is shown in tho following diagrams. 

Figs. 88 and 89 show how a rebate is to be sunk in the one 
beam and a tongue loft in tho other. This form leaves a 
shoulder at c, against which the end D presses, thus affording 
security against compression from the ends, and preventing all 
chance of the beams sliding over each other. 

Fig. 90 is a seotion showing the iron strap which forms three 
sides of a rectangle, the fourth being formed by a plate, whioh 
fits in tho screws at the ends of the strap, and is secured by 
nuts. This allows of occasional tightening-up, if there should 
be any sagging owing to shrinking of the wood, etc. 


CHEMISTRY APPLIED TO THE ARTS.— YIL 

BY OBOBaB GLADSTONE, F.C.S. 

SODA. 

Sodium (chemical symbol Na, from the latin word, ’Nati'ivm),. 
which is the metallic base of soda, is one of the oommonest 
substances in Nature ; though it never occurs as a metal, 
in consequence of its gfreat affinity for tho oxygen of the* 
nttnosphero. 

What is most generally known as soda is a compound with 
carbonic acid. Another most familiar combination is that with 
chlorine, forming the common table salt. A third, which is not 
uncommon in Nature, and which is also largely manufactured, 
is sulphate of soda, or Glauber’s salts. The ether prepara- 
tions of soda are of minor importance, and need not be men- 
tioned. 

It is the carbonate of soda (NagCOg) with which wo are 
j specially tt) concern ourselves, as it is manufactured on a very 
I extensive scale, employing a largo number of hands, and con- 
tributing greatly to tho prosperity of certain districts in Eng- 
land and Scotland. The borders of the river Tyne, below 
Newcastle, may be considered the head-quarters of tho manu- 
facture in England, though there are also some large works 
near Liverpool. In Scotland the principal estabUshments are 
situated in the neighbourhood of Glasgow. 

Great changes have taken place in this branch of trade, and 
many of the sources of supply which were much valued formerly 
are now comparatively neglected. The plants which thrive on 
tho soa-bcaoh used to be collected and burnt for this purpose, 
as their ash contains a considerable per-oentage of soda ; and 
some kinds of sea-weed are also treated in tho same way. In 
addition to the home supply of kelp from our own coasts, it 
used to bo imported from Franco, Spain, the Canary Islands, 
and other places, under tho name of hanilla. Soda is now, 
however, made almost exclusively from other articles, very 
difiV^rent in their character, and which can be obtained in 
almost unlimited quantities. 

Common salt, sulphur, limestone, and coal are now the 
principal ingredients ; and all these are, fortunately, very 
abundant in Nature. The sulphur is by far the most expensive, 
j as it has for the most part to be imported from abroad, but the 
sources from whence it is obtained are multiplying so rapidly 
that the manufacturers can depend upon a regular supply at a 
I much more reasonable price than formerly. Until very 
. recently, tho sulphur used in this country oame almost exclu- 
^ sively from Sicily, and the supply with difficulty kept pace with 
' the increasing demand. This led to tho substitution of pyrites, 
a mineral consisting of sulphuret of iron or copper, the price oi 
which was so much lower as to be more economical. Pyrites 
is now brought in very large quantities from Ireland, Spain, 
Portugal, and Norway, to Newoai^e, Liverpool, and Gla^ow, in 
order to furnish the great ohemioal works at these places with 
this neoessary ingredient. 

Common (the ohloHde of sodium) is the artiolo from 
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which the Boda of commerce is made. The first step is to 
oonyert it from a chloride to a sulphate. This may be done 
by roasting the salt in a famaoC) along with sulphuric acid, by 
which means the chlorine, in the form of hydrochloric acid, is 
driven off, and the sulphur takes its place. Por this purpose a 
reverberatory furnace is used, fitted with shallow pans lined 
with lead^ into which the salt and add are pat, and over which 
the fire from the furnace passes. The pans are charged with 
equal weights of salt and sulphuric acid of specific gravity 1*45, 
which are well mixed up by means of a rake, and Iben the door 
is closed and the furnace heated. About an hour’s roasting 
will suffice to convert the salfc into the sulphate of soda, so that 
the same furnace will serve for several oh^ges in the course of 
che day, turning out 9^ tons of the sulphate to every 8 tons of 
salt. During this process the hydrochloric acid has been driven 
off, but the manufacturer cannot allow it to escape into the 
atmosphere by the chimney, because, in the first place, it is of 
value, and, in the second, it would be a serious nuisance to all 
his neighbours ; the gas, therefore, is made to pass through 
condensers — high chambers, packed with bricks and coke, 
through which a shower of water is continually falling ; the 
water absorbs the gas as it rises from below, and forms aqueous 
hydrochloric acid. The furnace is often arranged with a lofty 
chamber or tower between it and the condenser, in which Ume- 
stone is placed, for the purpose of absorbing a part of the 
chlorine, and producing chloride of lime, or bleaching powder. 
By these various means scarcely any of the chlorine is lost, and 
the profits of the soda manufacturer are considerably enhanced. 
This sulphate is known in the trade as salt cake. 

The sulphate of soda has now to be converted into the 
carbonate. For this purpose it is roasted with about an equal 
quantity by weight of chalk or limestone, and one-half its 
weight of coal, in a reverberatory fumaceL These substances 
are generally broken up small, and well mixed together, and as 
soon as the furnace is heated to a bright red heat the charge is 
gradually introduced into the first compartment of the furnace. 
As soon as it has been sufficiently heated through, it is trans- 
ferred to the second, where it is subjected to a higher tempera* 
ture, and forms a soft doughy mass, which is kept well worked 
by means of long iron stirrers. Daring this process the mass 
evolves carbonic acid, and as soon as the gas has all passed off, 
and the contents of the furnace assume a tranquil liquid condi- 
tion, they are raked out of the furnace and allowed to cool. 
The substance which results from this treatment is commonly 
called hall soda. 

It will be seen from this description that a considerable 
amount of manual labour is necessary at this stage of the 
process ; and the success of the operation greatly depends upon 
the charge being well worked by the stirrers while it is in the 
furnace — very hot and laborious work. A very interesting 
arrangement is now adopted in most of the best alkali works, in 
order to avoid the stirring altogether. The furnace itself is 
made to rotate by means of a steam-engine, and us it turns the 
ingredients become thoroughly and uniformly mixed. The part 
which receives the charge consists of a long iron drum, taming 
horizontally upon its axis — ^the flue passing through the two 
axes — and having a door in the circumference, which serves 
both for charging and discharging it, according as it is brought 
to the uppermost or lowermost part of its circuit. The charge 
passes in through a hopper, the aperture is dosed, and the furnace 
is made to revolve. V^en the roasting is complete, the door is 
opened, and the charge passes out into receivers placed below. 

The hall soda^ hand made, consists of porous lumps, of a 
dirty grey colour, composed principally of carbonate of sodium, 
sulphide and carbonate of calcium, and carbon. Itevolver balls 
are much harder and more solid. Beduced to powder, it is sold, 
and exported in considerable quantities, under the name of hlack 
The balls will fall to pieces of themselves by merely damp- 
ing them with water and exposing them to a high temperature. 

Carbonate of soda is very readily soluble in water at any 
temperature, though hot water will take up much more than 
cold. Advantage is taken of this circumstance in order to 
separate the carbonate of soda from the other ingredients con- 
tained in the ash. A series of cisterns, having false bottoms, 
are therefore filled with the black ash, and water is mode to 
pass gradually through them in regular suecession, taking up 
more and more of the soda as it i)asses along, until it is fully 
saturated, and the ash is quite exhausted. It is generally found 


convenient to keep the water at a temperature of something 
over 100® Fahrenheit. 

Having thus obtained an aqueous solution, the water has to 
be evaporated, sa as to separate the soda in a solid state. Tlie 
evaporation of so large a bulk of water involves the expenditure 
of a great amount of beat, so that, as a matter of economy, the 
waste heat as it passes from the balling furnaces is ordinarily 
made to serve this purpose. Varions forms of evaporating pans 
or troughs are used, and in some works the crystals as they 
form are raked out by manual labour, while in others machinery 
is adopted for this purpose. The s^a thus obtained contains 
generally about 70 per cent, of carbonate, 15 per cent, of the’ 
hydrate, and 6 per cent, of the sulphate. 

In order to free the carbonate from the other compounds, the* 
ash is again heated in a reverberatory furnace, with a little saw- 
dust or small coal. Care must be taken not to heat it so 
highly as to cause the ash to fuse, which would entirely defeat 
the objeot ; and during the process the ash must be kept well 
stirred. By this means the sulphur is driven off, and at the 
same time the excess of carbon, aiter having converted both the 
sulphate and caustic soda into the carbonate. This, when ground 
to powder, is the ordinary soda ash of commerce. If whir^ alkali 
be required, the soda, after coming out of the carbonating fur- 
naces, is again dissolved by means of steam, and then allowed 
to orystallise out on cooling. In this state soda is used in 
various manufactures, such as in soap boiling and plate-glass 
making. For other purposes it must be still further treated. 

To produce what are commonly known as soda crystals^ the 
white alkali is again dissolved in boiling water, and then either 
filtered or transferred to iron tanks, where the liquor is left to 
settle for about twelve hours. If necessary, the latter opera- 
tion is repeated a second time, and a little lime is added, to 
assist in throwing down the remaining impurities. It is boiled 
until it attains the specific gravity of 1‘3, and then left to stand 
until the temperature falls to 92® Fahrenheit, when it is run 
out into large cooling pans to crystallise. Upon the surface of 
the liquor in these pans bars of wood are placed, which con- 
stitute a nucleus for the formation of the crystals. Attaching 
themselves in the first instance to the wood, they grow down- 
wards into the liquor, forming beautiful masBes of large pointed 
crystals. In the course of from five to ten days, according to 
the season of the year, the liquor is exhausted as far as is 
possible by this means, and being drawn off, it is evaporated 
down, so as to preserve the residue, which forms an inferior 
white alkali. The soda crystals arc almost pure carbonate 
of sodium, with ten equivalents of water of orystaHisation 
(NocCOa-l-lOHsO) ; or, in round numbers, about 37 per cent, 
of carbonate of sodium and G8 per cent, of water. This is as 
pure as it can be made in such l^ge quantities as are required 
in commerce, and accordingly the description of the manufao- 
turo of the carbonate of sodium stops at this point. 

Caustic soda is also made now on a considerable scale at the 
chemical works, as there is an increasing demand for it on the 
part of bleachers and soap boilers. It is the hydrate (NaHO), 
and is made from waste liquors, or from the black ash, or soda 
ash, already described, by dissolving it in sufficient water to 
produce a liquor of a specific gravity of about 1*1, which is then 
put into a largo vessel and stirred actively while lime-wator is 
being gradually added to it. After about half an hour it is left 
at rest, the decomposition having been completed ; and the lime, 
having taken up the carbonic acid of the soda, is gradually 
deposited in the condition of carbonate of lime at the bottom of 
the receiver. The soda liquors, being drawn off into boilers, 
are then ooncontrated, during the several stages of which 
process the snlphate, chloride, and other imparities crystallise 
out, and are removed by perforated ladles. Ibe remaining 
liquor is finally boiled down until it is thoroughly concentrated, 
and is then left to cool, when it becomes solid. For some 
purposes the canstio soda is sold in the liquid state ; and in 
this case the boiling is stopped when the solution has been 
raised to a .specific gravity of about 1*85, at which strength 
it retains its liquid condition on cooling. This is commonly 
called soaper's lye. 

Bicarbonate of soda, or the acid carbonate (NaHC^), may 
be prepared from the neutral carbonate already described, by 
filling a chamber with the soda crystals, and then passing 
carbonic acid gas through it. The gas may be generated by 
deoomposiiig chalk or limestone (carbonate of lime) wi^ 
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bydroohlorie acid, the chlorine oombinin^ with the lime and 
fminsr the oarbonio acid. In the oouree of ten to fourteen days* 
exposure to the action of this gas, the soda oiystals will have 
taken up a second eqnivalent of oarbonio acid, and thus have i 
become a bicarbonate. It will be seen, by a comparison of the ! 
chemical formulas, that the relative proportion of the carbonic < 
acid to the soda is double that given above for the carbonate I 
of soda. The bicarbonate is then gently heated for the purpose | 
of drying it, and ground to a fine powder. Care must be taken 
not to make it too hot, or the oarbonio acid will be driven off 
again, and it will be rednccd to a carbonate. 

Soda-works must always be situated in places where salt, 
sulphur, limestone, and ooal can be obtained on favourable terms, 

1 also where there is plenty of waste land for depositing the 
refuse. The quantity of this is so great that largo mounds of 
it are always to be seen in the neighbourhood of the works, 
and it would be greatly to the advantage of the trade if a means 
of utilising it could be found. 

The pyrites, now so largely used, consist of the sulphnrets of 
iron and copper, and the latter me^ is frequently in sufficient 
quantity to be worth extracting. Copper- works are accordingly 
rising side by side with the soda-works, and are usually carried 
on in oonjunotion with the latter, no less than 7,600 tons of 
copper having been made in 1869 from the pyrites used in the 
manufacture of soda. This represents one-eighth of the whole 
quantity of copper smelted annually in this country, and fur- 
nishes one instance amongst many of how one industry reacts 
upon another. 


PRACTICAL PERSPECTIVE.— IL 

Pio. 7. — The object of this illustration is to show that all Imea 
which i/n, Nature are at right a/nglea to the plane of the picture 
must in the d/rawing converge to the centre of viaion. 

But little argument will be required to convince the student 
of this. He will have noticed how the metals on a railway 
seem to meet in the distance, and how the two sides of the 
pavement of a long street converge : ho can, in fact, scarcely 
4Muat his eye around without being impressed with this fact. 

Fig. 8. — It will be clear then, that as a line which is at right 
angles to the plane of the picture is drawn to the centre of 
vision, any point which moves away from us, in a straight line 
from foreground to the distance, will travel in such a line. 

The student who has followed the course laid down in other 
lessons in this work, will have learnt how to oonstruot scales 
of different proportions ; but to others it will be necessary to 
•explain, that as hut few objects are drawn of their real size, a 
method is adopted by which their different parts, etc., shall be 
kept in a certain proportion to those of the object itself ; this is 
called “ drawing to a given scale.” 

Thus, if it is said that an object is drawn to the scale of '* 1 
inch to the foot,” it is meant that whatever is I foot long in the 
object is represented by 1 inch in the drawing, and thus the 
representation will be one4welfth of the real size. 

Now in Fig. 8 the scale adopted is j of an inch to the foot. 

The eye of the spectator is siipposed to be 5 feet above the 
ground, and 11 feet distant from the picture. To represent 
this— " 

Draw the picture-line, r L, and the horizontal line, H L, at 
5 feet (that is, g of an inch) above it. 

Place the centre of vision, c, anywhere (in this ease) on the 
horizontal line. 


Therefore, from a! draw a line to c, which will be the per - 
spective representation of a line running directly backward 
into the distance. 

But it is required that the point in question shall be not only 
9 feet on the left of the spectator, but 2 feet within the picture. 

To find its position, then, set off 2 feet on the right of Af — 
viz., point 2 ; and from 2 draw a line to the point of distanoe, 

pi>. 

Then 2' will be the required position of the point — viz., 9 
feet on the left of the spectator, and 2 feet within the picture. 

I Now let it be required to find the perspective position of a 
point which is 9 feet on idle left of the spectator, and/ot*r feet 
within the picture. 

This is simply the same point, which is supposed to have 
travelled 2 feet farther bock ; ther^ore, from a' set off point 4 
(that is, two feet added to the former 2), and draw a line from 4 
to the point of distance ; then 4' will be the perspective position 
of the point. 

Proceed in the same manner to find the position of the same 
point when it has travelled 6 and 8 feet backward, and thus 
obtain points 6^ and 8'. 

Fig. 9. — Now let it be required to find the position and appa- 
rent height of a perpendicular, the real height of which is 12 
feet, when it stands at 9 feet on the right of the spectator, 
and 2 feet within the picture. 

At B, 9 feet on the right of a, draw a perpendicular, b d, 
12 feet high by scale ; and from the top and bottom of it draw 
lines to the centre of vision. This would represent a wall or 
plane extending from the foreground into the distanoe. 

Now it is clear that the required perpendicular will be some- 
where in this plane ; the question is, where f 

This is solved by the application of the last study. Set off 
from B 2 feet along the picture-line — viz., point 2 ; from 2 draw 
a line to the point of distance, and this line, cutting B c in 2^, 
will give the position of the line. 

At 2' draw a perpendicular meeting the line D c, and this will 
be the line required — ^whioh, it will be observed, has diminished, 
because it is a little distance book in the picture, 
j Proceed in the same manner to find the position of the same 
' perpendicular when it is at 4, 6, and 8 feet within the picture. 

I Exercise 1 

The height of the spectator is 6 feet, the scale being i of an inch to 
the foot ; the distance of the eye is 13 feet. 

Find the positions of the folloidng points • 

(1.) 11 feet on the right of the spectator, and 3 feet within the 
picture. 

(2.) 8 feet on the right of the spectator, and 6 feet within the 
picture. 

i (3.) 10 feet on the left of the spectator, and 7 feet within the 
‘ picture. 

(A) 3 feet on the left of the spectator, and 12 feet within the 
I picture. 

! Exercise 2. 

The spectator is 5 feet high, and 15 feet distant from the picture. 

Find the position and perspective heights of the following perpen- 
diculars:— 

I (1.) 8 feet on tlie left of the spectator, 10 feet high, and 3 feet 
I within the picture. 

I (2.) 12 feet on the left of the spectator, 11 feet high, and 6 feet 
I within the picture. 

' (8.) 13 feet on the right of the spectator, 12 feet high, and 10 feet 

within the picture. 

(4.) 11 feet on the right of the spectator, 4 feet high, and 8 feet 
within the picture. 


The spectator is to be 11 feet distant; therefore set off 
1 1 feet on each side of c, and the points of distanoe, f d, will 
be thus obtained. 

Now let it bo required to find the perspective position of 
a point- which is 9 feet on the loft side of the spectator, and 
2 feet back ; or as it is called, 2 feet within the picture. 

Whenever a point in the distance is tc be found, it is neces- 
aary, in the first instance, to asoertain its exact place in the 
foreground ; thus, having drawn the perpendicular, c a, set off 
from A, 9 feet along the picture-line ; then a' is the position of i 
the poi^t at 9 feet on the left of the spectator j but as yet it is 
in the foreground, not back in the picture. 

Now it will be dear, that as this point moves directly back- 
ward, it will travel in a line at right angles to the pictare-line, 
and that such a line will vanish in the centre ot vision. 


Now this study will show the method of solving a question 
which has often been given in examinations — namely, that of 
finding the position of a bird flying at a certain distance from 
the spectator, and at a given height. 

Let us suppose the measurements to be these : — ^Distance on 
right of spectator, 9 feet ; height from ground, 12 feet ; distance 
back in the picture, 20 feet. 

Now it wi^ be dear to the student that if a bird flying held 
in its tdons a line with a weight at its end, such line wodd be 
a true perpendicular to the ground, the bird being at its upper 
extremity, and thus the wholo question resolves itself into this t 
Put into perspective a perpendicular 9 feet on the right of the 
spectator, 12 feet high, and 2 feet within the picture. 

To do this we simply return to Fig. 9. 

Here we have already drawn ^^pendioular, B d, at 9 feet OB 
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the right of the spectator, and 12 feet high, and we have drawn 
lines from its eztromitiea to o. 

It now only remains to set off 20 feet along the piotnre-line 
from B, namely, b 20, and from 20 draw a line to the point of 
distance. This will give tiio point b, which is the position of the 
perpendioidar to be drawn on 6 to meet d c in c. 

Then c is the position of the bird, as reqtiired. 

Fig. 10. — It is not necessary in every case to show both the 
points of distance ; thns, as in this study — a line on the right 
side of the spectator — we can dispense with the left'hand point 
of distance. Here the height of the eye of the spectator is 6 
feet (i scale), and his distance 16 feet. 

The subject of this study is a line which lies at right angles 
to the plane of the picture, at 12 feet on the right of the spec- 
tator, and 4 feet back in the picture, the length of the line itself 
being 6 feet. 

From A, the point immediately under the centre of yision, set 
off 12 feet, namely, to b, and draw a line to o. 

From B, towards A, s^ off 4 feet, namely, to c^ and draw a 
line to the point of distance. This will give the point c. 


between these two lines. Now from B mark off B 2, b 5, and 
B 7, representing the distances at which the line is to be placed* 
From each of these points draw lines to the point of distance, 
cutting B o in 2^ 5^ and 7'. 

From these points draw lines parallel to o' B, and contained 
between b c and o' c. These will be the perspeotiye represen* 
tations of the line o' b at the distances of 2, 5, and 7 feet within 
the picture. 

Ezbbcibx 4. 

Scale } inch to the foot. Height of the spectator, 6 feet } and his 
distance, 15 feet. 

Put into perspeotiTe a line 6 feet long, when lying paiallei to Uie 
piotnre-plane, at the following distances : — 

(1.) When one end is at 3 feet on the left of the spectator, and 
the line is 4 feet within the picture. 

(2.) When one end is at 4 feet on the right of the spectator, and 
the line is at 10 feet back. 

Fig. 12 shows three squares, (1), (2), (3), lying flat on the 
ground, their front and back lines being parallel to the plane of 
I the picture, and their sides at right angles to it. 



From o' set off 6 feet on the pioture-line, namely, to d, and 
draw a line from 1> to the point of distance, cutting b 0 in d. 

Join c dy and this will represent the line in the perspectiye 
position required. 

Exeboise 3. 

The height of the spectator is 5 feet, and his distance 15 feet (scale, 
i inch to the foot). 

Give the perspective projections of the following lines, lying at right 
sngles to the picture-plane : — 

(1.) 7 feet long, at 10 feet on the left of the spectator, and 2 feet 
within the picture. 

(2.) 9 feet long, 6 feet on the left of the spectator, and 4 feet within 

I of the spectator, and 6 

(4. ) b feet long, 6 feet on the right of the spectator, and 2 feet 
within the picture. 

Fig. 11. — The scale in this study is } of an inch to the foot. 
The height of the spectator is 6 feet, the distance 16 feet. 

Here a line, b o', 8 feet long, lies in the imme^te fore- 
ground, the end b being 6 feet on the left of the spectator. 

It is required to put this line into perspeotiye when lying at 
2, 6, and 7 feet wit^ the picture. 

From B and c' draw lines to the oeptre of yision, and as the 
line c' is to trayel backward, but remain parallel to the pic- 
ture-line, it must, boweyer it may change position, be oontaiiied 


j Here the eye of the spectator is 5 feet aboyo the ground (or 
I picture) line, and the distance is 11 feet (J scale). 

The sides of the squares are 4 feet, c' and d are 5 feet on the 
left and right of the spectator, whilst F a is immediately in 
front. 

Haying drawn linos from B, c' ; F, o ; and D, E to the centre of 
I yision, between which the squares must be contained, the next 
I question is how to find the place for the hack line of each. 

I The general method of finding the position of a horisontal 
' line at any given distance has been shown in the last figure, and 
this could be applied in the present study — namely, by setting 
off from c' the distance c, equal to the length of the required aid 3 
i of the square, and drawing from c a line to the point of distance. 

I This would be the method to be pursued for any rectangle ; bui 
for a square an easier method can be found, by which the 
trouble of marking the point c can be saved — ^namely, by draw- 
ing a line from c' to the point of distance, which, by cutting 
b c in d, will give a x)omt immediately opposite to c', and a hori- 
zontal line* drawn from this point will complete the figure. 

This is again shown in Fig. 12 (2), (3). It is not really neoes- 
sary in (2) to draw a line to each of the points of distance, 
but in early studies it is best to do so as au additional test of 
accuracy. 

Exebcxse 5. 

Scale I inch to the foot. Height of spectator, 6 feet| and distance 
i of spectator, 16 feet. 
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Pat into persptfotive tbxoa fqaacea lying fUt on tbe ^ond with 
thoir front and distant odgea parallel to the plane of the picture. 

<1.) 8 foot side, immediately in front of the spectator and in tbe 
foreground. 

<2.) 4 feet side, at 5 feet on the left of the speotator, and 8 feet 
within the picture. 

(3. ) 2' 6^' (2 feet 6 inches) side when lying at 6 feet on the right of 
the si>eotator, and 9 feet within the picture. 

For Fig. 13, the height and distance of the spectator are the 
eame as in the last figure (Fig. 12). 

Fig. 18 (1) is a square of 4 feet side, standing on one of its 
.edges, its surface being parallel to the picture«plane, and its 
nearest angle, B, being 5 feet on the left of the spectator. 

As there will be no diflioulty in constructing this original 
square, a' b D we con therefore at once proceed to find its 
position and size when removed 11 feet within the picture. 

From A' and ii draw lines to the centre of vision. From B 
set off on the picture-line the leng^th b'' (11 feet), and from that 
point draw a lino to the point of distance, cutting B c in h. 

At h draw the horizontal line h a, which will be the base of 
the square at the required distance. Now, knowing the figure 
to be a square parallol to the piano of the picture, we could 
easily complete this study by constructing a square on a 
.as in Fig. 13 (2). But this method would apply to a square 
only, and if any other parallelogram were required, we should 
have to obtain the size by the following process : — 

At a and h oreot perpendiculars of any height (temporarily). 
Draw lines from the upper angles & and d of the square or 
other parallelogfram to the centre of the picture; then those, 
cutting the distant perpendiculars, will give the points c, d ; and 
these joined will complete the square at the required distance. 

Exercise 6. 

Scale, ^ inch to the foot; height of spectator, 6 feet; distance 
18 feet. 

Pttt into perspective a square of 9 feet side, when standing with its 
surface parallel to the picture-plane. 

(1.) When in the foreground, at V feet on the left of the spectator. 

(2.) When at 5 feet on the loft of the spootator, and 10 feet within 
the picture. 

Fig. 18 (3). — In this study the square is rotated on the line 
a” C," so that its surface is at right angles to the picture-plane. 

Having erected the perpendicular a' c”, at (say) 9 feet on tho 
right of tho spectator, draw lines from it.s extremes to the centre 
of vision. From a" mark off on tho picture-line the length a'* b' 
4Kiual to tho side of tho square ; and frcuii n' dmw a line to the 
p(nnt of distance. This, cutting tho lino a " c in b'", will give 
the point for tho distant edge b" d" of the square. 

Fig. 13 (4) is the same figure removed to l.'i foot within tho 
picture. As tho working is shown, and as tho method is similar 
to what has already been done, it is hoped that tho student will 
be able to obtain the required result without further instructions. 

Exercise 7. 

Scale ^ inch to the foot ; height of speotutor, 5 feet ; distance, 15 
feet. 

Put into perspective the squares, the dimensions of which are given 
below, when standing at the stated distances ; tho ]>1itne (or surface) 
of the square to be in every case at right avyks to the picitire-i>lauc. 

(1.) 8 feet side, at 2 feet on tho left of tie hpeotator. 

(2.) 8 feet side, at 7 feet on tho left of the spectator, and G 
foot within the picture. 

(3. ) i feet side, at 3 feet on the right of tho spectator, and 2 feet 
within the picture. 

(4.) 7 feet side, nt 9 feet on the right of the spectator, and 6 
feet within the pictmre. 


WEAPONS OP WAR.—VI. 

BY AN OPPICBR OP tHE ROYAL ARTILLERY. 

BEEECH-LOADlNa SMALL AUMS (cotitinwed). 

In a former paper we have treated of the transitiun from muzzle- 
loading to breeoh-looding rifles for military use, and have shown 
how tills was aooomplishod in onr own service, by the simple 
and satisfactory expedient of fitting tlio Enfield rifle with an 
irrangement which admitted of its being loaded at the breech, 
and providing it with a suitable and ingenious breech-loading 
oartridgo. Tho combinatioA gave us an arm about equal to the 
old Enfield rifle in shooting power, but more destructive, in 


consequence of the employment of a hollow bullet, and capable 
of greatly increased rapi^ty of fire. But it was clear that we 
had not here the finid and complete solution of the question. 
The shooting power of the old Enfield was not of a sufficiently 
high character to satisfy the requirements of the present age. 

I Since 1853, when this weapon was introdneed, vast strides 
have been made in arms of precision ; and the Enfield rifle is 
I now unable to hold its own against the small-bore rifles which 
; surpass it in accuracy, range, flatness of trajectory, penetrative 
} power, and other valuable qualitieB. So also with re^d to the 
: breech action : many minds have been at work on this question 
1 for several years, and the result is that there exist several breech 
j mechanisms which are as superior to the Snider as the small- 
I bore rifle is superior to the large bore. 

Therefore, it became a reoogrnlsed neoessity for the military 
I authorities to look beyond their converted Snider-Enfields to . 
i new arm for future manufacture. It would occupy too much 
I space if we were to attempt to describe the steps and experi- 
I ments which have finally resulted in the adoption of a oomposite 
j arm — the Martini-Henry rifle. This arm has the form of barrel 
i designed by Mr. Alexander Henry, of Edinburgh — viz., a poly- 
I gonal barrel, the angles of which are broken by riba which 
I create re-entering angles, the insoribing circle tangential to tho 
' ribs being described with the same radius as the inscribing 
I circle tangential to the plane sides. The twist of rifling is 1 
tom in 22 inches. The calibre is *45 inch. Admirable results 
have been obtained with these barrels, which are now very 
generally adopted by military rifio-makers, who fit on to them 
different breech-actions, according to their fancy. The initial 
velocity of the rifle, with a charge of 85 grains, is about 1,366 
feet per second, against 1,250 for the Snider; this, taken in 
coujunotion with the fact that the bullets are of tho same weight 
(480 grains), but that the Henry bullet is of less diameter than 
that of the Snider, results in a considerably flatter trajectory 
on tlio part of the Henry bullet, in greater range and in greater 
accuracy. Also, the Henry bullet is less affected by wind. 

What breoch-action should bo fitted to this barrel to render it 
a perfect arm ? This question has given rise to immense dis- 
cussion and to innumerable experiments. Mr. Henry himself 
had a breeoh-aotion of great merit, which some persons thought 
it would bo well to employ. But the question was directed to 
be settled experimentally, and the result of the experiments was 
that tlio Henry breeoh mechanism hod to yield the palm to a 
mechanism designed by Mr. Martini, a natur^sed Swiss subject. 
This action is best described by the drawings given in page 336. 

Tho action consists, os will bo observed, of a falling block, 
hinged upon a pin which passes through its rear end, the recoil 
being taken by the iron framework at the back. Inside this 
block is situated tho striker, by means of which tho cartridge 
is exploded, and the strong spiral spring by means of which 
the striker is actuated. The block is raised and lowered by a 
I lover, which in the act of lowering the block also compresses 
I tho spring, thereby bringing tho rifle to full cook; and the front 
end of tho block striking smartly upon the bent lever, the 
extractor ejects the empty cartridge. When tho fresh cartridge 
has boon introduced, the block is returned to its place by tbe 
return movement of the lever, and the arm is ready for firing > 
or, if it be not desired to fire it immediately, there is a small 
safety-bolt, easily manipulated by the fore-finger and thumb, 
which serves to look the arm and prevent it from going off. 
Also, tho gun is provided with an “indicator'’ at tho side, to 
show when it is, cocked. The indicator, being attached to the 
“ tumbler," moves with it and parallel to it ; and as the arm 
cannot be cocked unless the tumbler bo in a certain position, 

I the indicator shows infallibly its condition. 

The tests which tho Martini-Henry breeoh-aotion has under- 
gone have been extraordinarily severe, although scarcely more ’ 
so tlian the criticism to which it has been subjected. This 
I criticism has, however, had this good effect : if it has some- 
I what interfered with the early adoption of this arm, by ren- 
dering necessary continued trials, it has, through these trials, 
fully established the extraordinary merits of the breech-actioxL 
At first tho objection was urged that, although one or two show 
specimens, prepared specially for trial, might succeed in satisfy- 
ing such tests as the Committee were able to impose, the arms, 
if placed in the hands of the troops, would certainly break 
down. To meet this, 200 Martini-Henry rifles were issued to 
the troops, who for about a year and a half had them under 
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trial. The result of these trials, carried on in all climates, ! 
from India to Canada, in all weavers, and under all sorts of 
oirpumstanoes, elicit^ most favourable reports of the arm. 
Then it was urged by others that at any rate the arrangements 
of the breech were mechanicidly defective ; that no meobanioal 
engineer could have any doubt on this point ; that a meohanism 
radically unmeohanioal could not continue to give reliable and 
satisfactory results. Accordingly, the evidence was taken of 
three very eminent mechanical engineers — ^Professor Pole, Mr. 
Nasmyth, and Mr. Woods. These gentlemen, instead of pro- 
nouncing a condemnation of the meo^nism, declared that it was 
«ii excellent piece of work, and passed high encomiums on its 
simplicity, strength, and efficiency. The criticism that as the 
recoil is taken by the breech axis pin, that pin must neces- 
sarily wear away or break in time, they met by the statement 
that the recoil is not taken by the pin at all, but by the 
socket behind the block, whence it is transmitted through- 
out the whole system of the rifle, the weight of which is tbtt^ 
brought to resist it; and this statement they supported by 
reference to a very simple experiment, in which the block axis 
pin had been replaced by one of lead, on which no mark oi 
any recoil was perceptible. In another instance the gun wah 
worked perfectly without any pin at all. The spiral spring 
was a prominent point of attack. It constituted, so to say, 
the citadel of the system, and against it all the main efforts of 
the opponents of the arm were strenuously directed. One in* 
ventor of a rival brocoh-action based his claim mainly on the 
substitution in his system of a flat for a spiral spring. This 
objection the mechanical engineers met very decidedly. For 
the purpose for which it was required in this gun — viz., to cause 
a striker to impinge directly upon the perouesion-cap of a 
breech -loading cartridge — they greatly preferred the spiral to the 
flat spring. It was cheaper — as a halfpenny to sixteen-pence 
— it admitted of a more compact arrangement of parts ; it was, 
notwithstanding all that had been said to the contrary, quite 
as reliable as a flat spring — a point which they supported by 
quoting various well-known applications of spiral springs ; it 
was as easy to make of uniform quality in large quantities ; 
and as for the statement that the spiral spring gave more of a 
push than a blow, one witness showed mathematically that the 
blow which was struck by the spiral spring in the Martini-Henry 
was really a quicker, smarter blow than that struck by the ham- 
mer of the Snider. As to the merits generally of the spiral 
spring — the point which invjentora of other systems declared to 
be fatal to the Martini — all the mechanical witnesses agreed 
in pronouncing it thoroughly mechanical, sound, and reliable. 
Then it was objected that the divided stock was weaker than 
the ordinary gun-stock. Not so, said the engineers ; it was 
rather stronger; and if desired it could be made stronger 
still. Nor is this mere theory. They appealed to the results of 
an experiment which weis carried out at Enflold in their presence 
to test this point. And so, before the independent testimony 
of thoroughly competent, indeed, distinguished witnesses, the 
criticisms which were very freely indulged in by those who 
had rifles of their own which they would prefer to see intro- 
duced, melted away. Whether criticism will therefore cease 
it is not easy to say ; probably it will not. But the readers 
of these papers at any rate will have the assurance that 
the future arm of the British soldier, whatever may bo said 
about it, has undergone tests and trials to which no other 
weapon was over submitted ; that it has passed one ordeal after 
another not merely satisfactorily, but triumphantly — the ordeal 
of the rigorous trials which were instituted by Lieut.-Colonol 
Fletcher’s Committee ; the ordeal of knocking about and hand- 
ling by the troops ; the ordeal of public trials at Wimbledon, 
where the arm has carried off very many of the more important 
hreeoh-loading prizes ; the ordeal of public criticism ; finally, 
the ordeal of a minute scrutiny at the hands of professional 
mechanics. If an arm can stand all this, and come out un- 
scathed, as the Martini-Henry has done, it is surely a fit arm 
to put into the hands of our troops. This, then, is the selected 
weapon of the British soldier — the Martini breech allied to the 
Henry barrel. 

The ^rtridge to be used with this arm is the Boxer, but of a 
form different from that in use with the Snider. The first 
o^ridges made for the Martini were very long, the small 
diameter of the barrel and the large charge of powder render- 
ing necessary this length, so long as tlM cylindrical form of 


cartridge was retained. To this cartridge objeotions were mads 
on account of its length. Accordingly the form was modified, 
the substantial features of the Boxer oonstruotion being re- 
tained. In the modified oartridge the body is enlarged in dia- 
meter, and tapered down at the fore-part to the diameter of the 
buUet. The outline of the oartridge is thus that of a long- 
necked bottle, whence the name by which it is frequently 
known, the “ l^ttle-neok ** oartridge. A drawing of this shor^ 
chamber*' oartridge, as it is officially designated, shows the 
details of the construction, and it will be observed, on a com- 
parison of this drawing with that given in a former paper (page 
272) of the Boxer oartridge for the Snider, that the construction 
of the two cartridges is practically the same. There is the thin 
ooil-oaae, the iron disc base, the strengthening oup, the papier- 
m£oh4 wad by which the parts are held together, the cap and 
anvil arrangement for ignition. 

But the fore-part of the oartridge is different ; the mode ol 
lubricating is different ; the bullet (which is Mr. Henry’s) is 
different; the oartridge is not covered with paper; and the 
base is siarengthened by means of the insertion of a piece of tin 
between the folds of the brass, thereby obviating the necessity 
for additional strengthening cups. A few words may be said 
with regard to the bullet and lubrication. The bullet is solid, 
with the exception of a shallow cavity in the base, into which 
the folds of the paper which envelops the bullet are inserted. 
At its back end, the ballet is of the same diameter as the boro, 
viz., *45 inches. It tapers slightly, until at the shoulder the 
diameter is only *439 inches. In a former paper it has been 
explained that the main feature of the bullet for the original 
muzzle-loading Minie and Enfield rifles consisted in the arrange- 
ment by which the bullet was expanded into the rifling, by the 
explosion of the charge acting upon an iron cup, or a wooden 
plug in a hollow at the base. Thus the bullet entered the rifle 
fitting loosely, and left it fitting tightly. In a breech-loader, 
however, there is no necessity for having a bullet which will 
enter the barrel easily, as it is generally introduced into a 
chamber at the breech end, and may bo made in the flrst in- 
stance of the full requisite diameter. We have seen, however, 
that Colonel Boxer in his bullet for the Snider did retain the 
plug expansion, with a view partly to getting the requisite 
length of bullet in a large* bore rifle without any undue in- 
crease cf weight. But in the Henry rifle no such device is 
necessary, and Mr. Henry therefore made his bullet of the full 
diameter of *45 inch, depending upon such slight enlargement 
as the bullet received by the opposition of its own inertia to 
the shock of discharge, to take up the rifling. The action of 
Mr. Henry's ballot therefore depends upon what is known as 
the “ overtaking ” principle, the back end of the bullet slightly 
overtaking the fore end, owing to the inertia of the mass in 
front, and thereby setting up, and expanding the bullet into 
the grooves. 

The lubrication of this rifle is effected by moans of a cylin- 
drical wad of pure bees’-wax, placed behind the bullet, and en- 
closed in discs of jute cardboard, to prevent it from striking 
either to the bullet or to the powder. This wad was originally 
made solid, but it was found not to act perfectly in very cold 
weather, and it was therefore thickened and hollowed out in 
front, thus giving more space for the powder to act through, 
and less work for it to do. The wad is squeezed between the 
exploded powder charge and the bullet, and just as the bullet 
is set up and enlarged, so the wax wotl is set up and enlarged, 
although of course to a far greater extent, and as it is driven 
through the bore, lubricating it effectually. 

It remains now only for us to say a few words with regfard 
to the powers of the Martini-Henry rifle, using the ammunitu)n 
above described. The accuracy of shooting of the arm is re- 
markably great. The following facts extracted from official 
records are satisfactory upon this point. At 300 yards, the 
mean radial deviation of 20 shots fired from a fixed rest, has 
been as good as *47 feet ; at 500 yards, *79 feet ; at 800 yards, 

, 1*29 feet; at 1,000 yards, 2*19 feet; at 1,200 yards, 2*28 
I foot. Perhaps these figures will scarcely convey to all our 
readers the impression which they would make upon the mind of 
any one who is familiar with the mode of estimating “ figures of 
merit " in rifle-shooting, namely, to find out by calculation the 
centre of each group of 20 shots, and to find the mean distances 
of these shots from this centre. Obviously, the smaller this 
distance, the smaller the limits of the group, and the more ao- 
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curate the shooting. When a trial was made between the 
Snideri tho Chassepot, and the Martini-Henry^ the following 
results were obtained i — 

MABTzsx-HBKar. Svidsb. Ckabsbfot. 


500 yds *815 feet 1*47 feet 277 feet 

800 1*57 „ 378 „ 6-22 „ 

1,000 8*66 „ 8*34 „ 13*08 „ 


Putting this into a popular form of expression, it means that, 
if we take the Marti^d-Henry as a standard, as equal to 100, 
we have tho following comparison — 

At 500 yds. At 800 yds. At 1,000 yds. 
Snider « 55*4 41*5 43*8. 

Ohaesepot = 29*4 30*0 28*0. 

Or, expressing it more roughly still, we have the following 
tabular comparison of the performances of the rifles, namely : — 
At 500 yds. At 800 yds. At 1,000 yds. 
Murtini-Henry to Snider, as about 2 to 1 2j|| to 1 

Cbossepot, „ „ „ 3 to 1 8 to 1 3 to 1. 

Lot us now turn to the trajectory of the arm. It is obvious 


It will be observed that the Chassepot bullet has a slightlir 
higher initial velocity than the Martini-Henry, but the bullet 
being lighter (380 against 480 grains) it has less power to over- 
oome the resistanoe of the air, and therefore soon loses thia 
high velocity. At 150 yards from the muzzle, or even at a leaa 
distance, the Martini-Henry bullet will be travelling with a 
velocity equal to that of the Chassepot, and from Ihot point 
forward the latter will gradually be losing in the race. 

The effect of this high velocity, combined with a good weight 
and a small diameter, is to give Hie Martini-Henry bullet great 
penetrative power, as well as that low trajectory which has 
been spoken of. It has been found by ezperiment that the 
bullet will penetrate as follows : — 14^ half-inch elm planks at 
100 yards ; 8 three-inoh fir balks dry, in addition to 1 wet, at 
tho same distance ; 1 plate of *261 inch iron at 200 yards 
4 thicknesses of S-inoh rope at 850 yards ; a gabion filled with 
clay earth at 25 yards ; a sap roller at 25 yards ; a sand-bag 
at 100 yards. 

While the normal aoouzaoy of the Martini-Henry rifle is far 



Fig. 7. BOXER-HENRY CARTRIDGE, ELEVATION. Pig. 8. BOXBR-HENRY CARTRIDGE, SECTION. Fig. 9. SECTION OF 
BREECH OE MARTINI-HENRY RIFLE, OPEN. Fig. 10. SECTION OF BREECH OF MARTINI-HENRY RIFLE, CLOSED. 

BefS. to Letters in Figs.— Fig. 9, 10: -a, barrel ; n, body of breech -action 5 c, block; », main-spring; b, striker; f, block axis pin ; o, stop 
nut ; X, extractor ; x, extractor axis pin ; j, pin for barrel stud-hole ; k, trigger and rest spring screw ; i., cleaning rod ; x, fore-port of 
stock ; x, tumbler ; o, lerer ; p. lever and tumbler axis pin ; q. trigger-plnte and guard ; u, trigger ; s, tumbler rest ; t, trigger axis pin ; 
V, ti*igger and rest spring ; v, hind part of stock ; w, stock -bolt ; x, stock-bolt washer ; t, lever oat<^- 8 prlng ; z, lever oatob-block and 
Bin; a, locking bolt; b, looking bolt thumb-piece; c, thumb-piece screw ; d, looking bolt-spring. 


that the flatter an arm shoots — in other words, the lower its 
trajectory is — the more ground will the bullet cover in its 
flight. The greatest height of the t^ectory of tho Snider is 
11*9 feet in 500 yards ; of tho Martini-Henry only 8'9 feet. 
The practical effect of this is that, supposing two men to bo 
firing, lying on tho ground, and aiming at tho foot of a body of 
troops 500 yards distant, a body of infantry might safely cross 
the Snider range anywhere between 92 and 488 yards, the 
bullets flying over their heads, while in only from 139 to 396 
yards would they be safe in the Martini-Henry range : and as 
for cavalry, while on the Snider range from 138 up to 400 yards 
they would bo safe, there would on the Martini- Henry range be 
no spot which a cavalry soldier could pass in safety. Beyond 
500 yards tho advanta^ of the Martini-Henry rifle in respect 
trajeotoiry would be increasingly greater. 

The next point is initial velocity — ^th© velocity, that is to say, 
at wMoh the bullet leaves the muzzle. This is as follows ; — 

Hnrtini-Heaxy ••••••• 1,365 feet per aeoend. 

Ohassepot • • *.•••• 1,881 „ 

Balder 


greater than that of the Chassepot and Snider, and enormously 
superior to that of the needle-gun, which is by far the worst arm 
of the four, the Martini-Henry bullet is loss affected by wind — a 
great advantage to the marksman. The cartridge is stronger 
and better than that of the Chassepot, The rapidity of fir© is 
more than doable : thus, at on olScial trial — 

The Chassepot fired 20 rounds in 1 minute 42 seconds. 

The Martini-Henry „ 0 „ 48 „ 

Thus in seven points — namely, (1) increased strength and safety 
of ammunition, (2) greater accuracy, (3) longer range, (4) 
flatter trajectory, (5) higher penetrative power, (6) greater 
safety, strength and simplicity of oonstrnotion, (7) increased 
rapidity of fire — tho Martini-Henry is mnoh superior to the 
Chassepot. 

The improved Martini-Henry has a bore of ‘40, is six ounces 
heavier, and is sighted to 2,000 yards with an attachable pendent 
front-sight. Its bullet weighs 880 grains, its rifling makes a 
complete tom in 15 inches, its trajectory at 500 yards is 6 feet, 
and its velocity is 1,600 feet a second. Thus it is a more effective 
weapon, and, with lighter bullets, more ammunition can be carried. 
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VEGETABLE COMMERCIAL PRODUCTS.— XI. 

TEXTILE PLANTS, OB PLANTS PROM WHICH WE OSBIYE 
CLOTHING AND COBDAGB {continued). 


ported to Europe. The jam on reaohing this country !• 
manufactured into ropes, door-mats, and floor-mattingB, whidh 
are far more durable than those made from bristles. In India* 
ooir-fibre is very generally used for ship-cordage and fishing^nets. 


The Tidne of cotton in commerce depends on the length and The annual importation into Loudon and Liverpool comes 
strength of the silk or staple. Cottons may be divided into the chiefly from Ceylon and Bombay. 

long silk and short silk. The United States generally famish Oablvdovica Palmata, L. and P. (natural order, Pandanss). 
the short silks iu the greatest quantity, with the exception of — ^This species of screw i)ino is terrestrial, and bears fan-shaped 
one sort, known as the Georgia long silk, or Sea-island cotton, glabrous loaves from six to fourteen foot long, and four feet in 
of which the production elsewhere is veiy limited. Cottom breadth. It ranges from 10^ N. to 29 S. latitude on Ihe Ameri- 
threads are numbered from 1 to 800, according to the degree of can continent. 

fineness to which they are spun. In weaving, the cross threads Panama hats, which are distinguished from all others by con* 
or woof are shot by the machine across or at right angles to sisting of a single piece, as well as by their durability and flexi- 
threads extending longitudinally, called the warp. Long silk | bility, are so named because thrv are shipped through Ponamd* 
cotton is generally spun into the threads for the warp, and the though a large proportion are manufactured in Guayaquil, 


short silk is used for the woof. 


Ecuador. The finest hats are niado in South America witii fibre 


The chief seats of the cotton manufacture in the United of the unexpandod loaf, called torquilla,** from which are also 
Kingdom are Manchester, Bury, Oldham, and Glasgow. Most made very fine hammocks. 

of the many thousands of cotton-mills give employment to from The loaves are gathorod before they unfold, all the ribs and. 
50 to even 1,500 hands, presenting the most perfect order in coarser veins ore removed, and the rest, without being separated 
every department. All these persona ore employed by means of from the be^o of the leaf, is reduced to shreds. After having 
the fine white silky hairs with which the Creator has clothed been exposed to the sun for a day, and tied into a knot, tha 
the seed of the ootton plant, in order to effect its dispersion, straw is immersed into boiling water until it becomes white; ih 
and which the ingenuity and skill of man now manufactures | is then hung up in a shady place, and anbsequontly bleached for 
into clothing for many millions two or throe days. The straw 

of tho human race. is uow re^y for tise, and 

Jute, or Gunny Fibre, is the 4^ in this state is sent to different 

produce of Corchorus cajpsularist places, where tho Indians manu-* 

L. (natural order, Tiliacca:)^ an _ facturo from it hats, hammooks* 

annual, growing from twelve to those beautifol oigar-caseu 

fourteen feet high. which cost as much as five and 

The fibre which is contained six pounds a-pioco. The plaiting 

in tho bark is generally about i^ done on a blocks 

eight feet in length, and is which is placed upon the knees s 

obtained by treatment very it is commenced at tho crown and 

similar to that adopted with finished at tho brim. Acoord- 

tbo flax and hemp plants. Jute to tho quality of the hats, 

fibre is fine, and has a remark- more or less time is occupied in 

able satiny lustre, so that it is ^ their completion : tho coarser 

Bo^times mixed with tho silk in ^ ones may he finished in two or 

the fabrication of cheap satins, ! three days, wliilo tho finest take 

and is very diiiicult to detect M as many months. 

^ in the goods. Its chief use, / The average export from 

however, is for making coarso a Guayaquil has been in tho past 

canvas, or gunny ^ as it is called ! ^ six years from 15,000 to 10,000 

in India. Kico, oil-seeds, dye- Ml ^ dozens annually, tho price vary- 

atuffs, cotton, and sugar, are all / ' ing from 2 to 130 dollars, ao- 

sent to us from India in gunny cording to fineness. Lately the 

bags or bales. When wet, jute leaf of the cabtor-oil tree. leaves or raw material have been 

fibre quickly rots, so that it is in demand for export, the average 

not adapted for tho manufacture of either sail-cloth or cordage ; ' quantity shipped being about 200 to 250 owt. annually, 
but notwithstanding this, it is often mixed with hemp for the These hats are also made in Veragua, Western Panama, 
latter. The quantity imported in 1886 was 5,340,100 owt. Costa Kica, and New Granada, Tho petioles of tho loaf are 
New Zealand Flax {Phormium tenax^ Forat. j natural order, made into baskets, culled petacas^ the fibre being variously dyed. 
LUiaceasi). — A coarse growing plant, with long narrow leaves, Manila Hkmp {Musa iextilis^ Tournef. ; natural order, 
the slender fibres of which glisten like silk, and are white as Mnsacem) produces a woody fibre, which is used in India in tho 
^ow. Its flowers are of a brownish-rod colour, and not at all manufacture of fine muslins ; the most exquisite textile fabrics 
ornamental. and tho elegant manila hats are manufactured from it. 


into olothing for many millions 
of tho human race. 

Jute, or Gunny Fibre, is the 
produce of Corchorus capsularis, 
L. (natural order, Tiliacca:), an 
annual, growing from twelve to 
fourteen feet high. 

The fibre which is contained 
I in tho bark is generally about 
eight feet in length, and is 
obtained by treatment very 
similar to that adopted with 
the flax and hemp plants. Jute 
fibre is fine, and has a remark- 
able satiny lustre, so that it is 
Bo^times mixed with tho silk in 
the fabrication of cheap satins, 
A and is very difficult to detect 
^ in the goods. Its chief use, 
however, is for making coarso 
canvas, or gunny , as it is called 
in India. Kico, oil-seeds, dye- 
stuffs, cotton, and sugar, are all 
sent to us from India in gunny 
bags or bales. When wet, jute 


LEAF OF the CABTOR-OIL TREE. 


fibre quickly rots, so that it is in demand for export, the average 

not adapted for tho manufacture of either sail-cloth or cordage ; ' quantity shipped being about 200 to 250 owt. annually, 
but notwithstanding this, it is often mixed with hemp for the These hats are also made in Veragua, Western Panama, 
latter. The quantity imported in 1886 was 5,340,100 owt. Costa Kica, and New Granada, Tho petioles of the loaf are 
New Zealand Flax {Phormium tenax^ Forat. j natural order, made into baskets, culled petacas^ the fibre being variously dyed. 
LUiaceasi). — A coarse growing plant, with long narrow leaves, Manila Hkmp {Musa iextilis^ Tournef. ; natural order, 
the slender fibres of which glisten like silk, and are white as Mnsacem) produces a woody fibre, which is used in India in tho 
^ow. Its flowers are of a brownish-rod colour, and not at all manufacture of fine muslins ; the most exquisite textile fabrics 
ornamental. and tho elegant manila hats are manufactured from it. 

This plant inhabits the marshes of New Zealand, but grows 

well in any soil ; and in mild olimatos, snoh as the south of oleaginous plants, or plants yielding yaluahlq 
France, winters in ^e open air. It affords a fibre of great 

strength, stronger than hemp, which is extracted by maceration, Oil is of tho greatest importance in the arts. It is extensively 
drying, and heckling, as in tho case of the other products, used for burning in lamps, for diminishing friction in machinery. 


Good ropes can be made from tho coarser, and very fine linen for making candles and soaps, in tho manufacture of paints an:$ 
from the finer fibres. Tho quantities imported are at present vamishes, and in wool-dressing — five gallons of olive, rapeseed, 
inconsiderable, owing to tho circumstance that tho strength of or other oils being used in tho preparation of every pack 09. 
.^Ao fibre is injured by maceration. No machinery has yet been wool — also as an article of food, and as medioino. Oils are dis- 
oontrived which can approach or even imitate the dexterity of tinguished into two kinds : fixed or fat oib — which are obtained 
the native women in separating tho fibre from the coarser parts, by pressuro from tho fruits or seeds of plants — and essential 
New Zealand flax fibre will not bear a cross strain, and therefore oils. The fixed oils bum with a clear white light, and boil at 


cannot be tied into a knot without breaking. 


a high tompeniture, about 600^ F. ; most are liquid at tho ordi- 


OoiR-FiBRE {Cocos nucifcra^ L. ; natural order, Palmacecs), — nary temperature, but cocoa-nut and palm oils are solid at 50® 
This fibre is obtained from the outer husk of the oocoa-nut. It or 60® F. All the fixed oils aro nearly inodorous, and lighter 
is stronger than hemp, and more capable of withstanding the than water. The volatile or essential oils give off vapoui at 
action of water. It is separated from the husk by boating, and the iemporature of boiling water when mixed with water, or 
then cleaned by heckling in the usual manner. Tho ooip-fibro nnder 320® F. by thomselvos. 

thus procured is spun by the natives of India and Ceylon into The following aro a few of the most important plants which 
vama of different length and thii^ess, which, are largely ex- yield the oils o£ oommeroe t— - 

* 22 — ^N.E. 
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(a) FIXED OIDS. 

Palh Oil is principally produced from tlio frnifc of ElaU 
guineensiis, L., a native of the western coast of Africa. The 
fruit is about the size of an olive, of a yellow colour, three- 
fourths of which consist of a yellow oily pulp. This fruit is 
crushed and the oil extracted from the albumen by boiling- in 
water. Palm oil :s used in England principally in the manu- 
facture of yellow soap, but with the Africans it is an article of 
food. A generation ago largo tracts of country on the western 
coast of .Mrica were covered by the oil palm, then little cared 
for ; now a large foreign demand for palm oil has sprang up, 
and with it property in those trees; and this oil trade has 
etopped the slave trade on the Gold coast, whore it once flou- 
rished, and at tlie mouth of the Niger. The quantity of palm oil 
imported into the United Kingdom in 188G was 1,004,419 cwt., 
Talued at 1,050, 459. The application of this oil to its in- 
dustrial purposes gives employment to many thousands of 
people. Industry and a desire of ocoumulatinjg property are 
at last manifest amongst the African population, and every- 
where are now to be seen on this coast the germs of a nascent 
civilisation. 

CocoA-NOT Oil is obtained from the albumen of the kernels 
cf the cocoa-nut {Cocoa nudfera^ L.) ; it is principally used for 
making cocoa- stoarine for candles. In Trinidad and Demerara 
it is used by the ooolie labourers as we employ butter. The 
imports in 1886 were 156,775 cwt., almost the whole of which 
came from the British East Indies. 

Castoii-oil Plant (Rictnua communist L. ; natural order, 
EuphorhiaceoB ). — This plant, in temperate climates, is a largo 
berbaocous annnal, with palmate peltate leaves, and moncooious 
flowers in terminal panicles, the lower male, the upper female. 
The capsules are prickly, globose, three-cellod, with one seed in 
eaoh coll. The seeds are ovate, shining, of a grey colour, mar- 
bled with black. The form of tho leaf is shown in the pre- 
ceding page. 

Tho castor-oil plant is a native of India, Africa, and tho 
West Indies. In warm climates it acquires a woody stem, and 
becomes a tree, rising in India often to a height of thirty feet. 
Nevertheless, it is still tho same plant, and not entitled to bo 
considered as a distinct species, although a woody perennial ; 
the leaves and flowers are unaitorod, and tho seed, if sown in 
temperate climates, produces herbaceous plants in every respect 
the same as tliose in common cultivation. 

Castor oil is obtained by expression from the seeds, without 
boat, hence it is colled “ cold-drawn castor oil,” The seeds, 
i up in horso-hair bags, are crushed by the action of heavy 
iron beaters, and the oil, as it oozes out, is caught in troughs 
and conveyed to receivers, whence it is bottled for use. Castor 
oil is brought over from the East Indies in small tin cases, 
closely soldered, and packed in boxes, weighing about 2 cwt. 
-^aoh. In 1886, 175,813 cwt. wore imported into the United 
Kingdom. Castor oil is much used in medicine, as a mild and 
certain purgative. 

Olivbj Oil {Olea turopccat L., natural order, Olcaceas ), — 
The olive-tree is a small evergreen, much branched, and covered I 
with a greyish bark. The olive itself is a drupe or stone fruit, | 
with a fleshy covering, about the size, shape, and colour of a | 
damson. When ripe this fleshy covering contains an abundance 
of olive oil, which it yields by expression. 

Tho olive is indigenous to Palestine, Greece, and the slopes 
of the Atlas mountains in Afrioa. It is now widely diffused in 
Europe, and is cultivated with great success in Italy, Spain, the 
Booth of France, Naples, Sicily, Southern Illyria, Lombardy, and 
Dalmatia. 

The olives are gathered when nearly ripe, and the oil is drawn 
from them by presses and mills, oare being taken to set the mill- 
BtonoB so wide apart that they will not orush the nut of the 
fruit. The pulp is then subjeotod to a gentle pressure, in bags 
znade of rushes, and the best or virgin oil flows flrst. A second 
oil, of inferior quality, but fit for table use, is obtained by mois- 
tening with water the residuum, breaking the nuts, and increasing 
the pressure ; lastly, more water is added, and ^e residuum is 
fligain re-pressed, the product being an impure oil, fit only for 
Boap-making or for burning. Spanish or Castile soap is made 
by mixing olive oil and soda ; and soft soap, by mixing fat, or 
fixed oil, with potash. The mare of olives, os the residuum is 
oallad after the oil has been expressed, is valuable either as 
manure, or as food for oatUe. 


The virgin oil is called Florence oil, and is imported in flasks 
surrounded by a network formed of the leaves of a monoool^- 
ledonous plant. It is used at tho table under tho name of salad 
oil. Gallipoli oil forms the largest portion of tho olive oil brought 
to England ; it is imported in casks. Olive oil is largely used 
in this country in dressing woollen goods, and for machinery. 
In 1886, 20,664 tuns of this oil were imported into the United 
Kingdom. 

Bapbbesd, the seed of Brassica napus, L. ; natural order, 
Cruciferai , — This plant grows wild in many parts of England, 
and is cultivated extensively in this country, in France, and in 
Germany, for the sake of the oil procured from its seeds. Bape 
oil is more suitable than any other oil for the lubrication of 
machinery, and is much used for locomotives, marine engines, 
and for burning in lamps. A single locomotive oonsumes from 
90 to 100 gallons of oU annually. The consumption of oil by 
the London and North Western Eailway Company alone is every 
year 40,000 gallons. Good English rapeseod yields an oil very 
superior to that obtained from foreign rape ; nevertheless, in 
1886 there wore imported into the United Kingdom 372,318 
quarters of rapesoed. 

Linseed, tho seed of lAnum nsitatiasimumt L. ; natural order, 
JAtiacew , — Weliave already described this plant, under the name 
of flax. F]a.K seed or linseed yields a most valuable oil, known 
as linseed oil, largely employed in tho arts, espechilly in painting 
and in the manufacture of printers’ ink. It becomes solid on 
exposure to the action of the air, or, in other words, is one of 
tho drying oils. Linseed is also extensively used for poultices. 
This article is always imported in tho form of seed. In 1880 
the imports into Great Britain were 2,072,011 quarters, princi- 
pally from tho East Indies and Bussia. 

Sesame (Besamnm orienlale, L. ; natural order, Pedaliacect). 
— This is a small showy annual, indigenous to India, and to the 
whole of Southern Asia, from Japan and China to tho shores of 
the Mediterranean. In those countries it is much cultivated, 
and the oil, yielded in abundance by the seed, is used for dressing 
food, and as a common lamp oil. In the East, this oil has some 
considerable repute as a softener and beautificr of tho skin, and 
as an application to fnrfuraceous eruptions. 

Sesame oil is without odour, and does not easily become rancid. 
It is frequently used for the adulteration of balsams and volatile- 
oils, liargo quantities of tl)e seed are brought to this country 
from tho East Indies and Egypt. 

Wo have now noticed tho principal vegetable fixed oils. 
There are several other oil-producing plants in the market, but- 
not much in demand at present. Tho following are deserving 
of notice : — Croton oil {Croton HgLiumt Lam.). This oil is a 
valuable and most powerful purgative, capable in over-doses of 
destroying life, and only administered one drop at a time, in 
cases whore it is of tho utmost importance to make a speedy 
impression on tho bowels, and where tho patient has diflioulty 
in swallowing. It is also valuable as a counter-irritant. Croton 
oil is obtained by expression from the seods. Tho common hazel- 
nut {Corylm aveltana, L.) yields an oil moat valuable for the 
delicate machinery of watches, diminishing tho friction of th(v 
pinions, the axles of tho wheels, and other rapidly -moving parts, 
which would otherwise wear injuriously, and speedily become' 
disordered. The oil of almonds also is employed for tho same- 
purpose. Other oils are obtained from cotton seed, ground n\l.> 
carthamus seed, etc. 


ELECTRICAL ENGINEERING,— XL 

BY EDWARD A. O’KBEFFE, B.E., A.8.T.E., 

Demonstrator in Electrical Engineering, City and Guilds of Londor 
Technical CoUoge, Finsbury. 

PEIMAET BATTEEIES. 

Class IV. 

CELLS IN WHICH POLARISATION IS PREVENTED BY ELECTRO- 
CHEMICAL MEANS. 

The distinctive feature of the cells belonging to this olase 
consists in the fact that tlie negative element is immersed in 
a solution of its own salt. Polarisation is by this means^ pre- 
vented, and on the negatiye element a metal similar to itself 
is deposited instead of hydrogen. 
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daitixll’s cell. 

Tliis coU is made np in a number of different forme, that 
ehown in Fig. 23 being an arrangement in which the internal 
resistance is extremely low. ^e positire element, z, is an 



Fig. 23. — daniell’s cell. 


form sulphate of zino, and hydrogen is set free ut the 
porous partition ; this hydrogen unites with the sulphate of 
copper to form sulphuric acid, and copper is deposited on the 
copper plate. This action, therefore, tends to burn up the 
zinc, to change the sulphurio acid into sulphate of zinc, to im- 
poverish the sulphate of copper solution, and to coat the 
negative element with a layer of pure copper. Polarisation is 
thus prevented as long as the sulphate of ooppor is unex- 
hausted, but the E.M.y. of the cell slightly falls when working 
owing to the aliment being changed from sulphuric acid to sul- 
phate of zinc. In some forms of the Daniell cell the zinc is 
in the first instance placed in a solution of sulphate of zinc, in 
which case though the e.h.f. is slightly lower than in the 
cell just described it is more constant. The chemical action is 
practically the same, thus ; — 

Before passing the current : 

Zn -i- ZtiS04 CUSO4 -f Ou 

/Anc Sulphate of zim Salphfxte of copper Copjn 

After passing the current : 

ZnSO, ZnSO^ 

Sulphate of zinc Sulphate of zinc 

The only constituent of the cell which thus undergoes any 
change while working is the sulphate of copper, and this 
change can be rectified by the addition of a few orystals when 
the solution becomes impoverished. 

This type of cell, or some modifioatiou of it, is perhaps more 
I suitable for constant and hard work than any other at present 
I in the market. 


amalgamated zinc rod enlarged at the lower end, and having 
copper wire, w, soldered at the top ; this junction should 
be carefully covered with Chattorton’a compound, or some 


THE TROUGH BATTERY. 

This battery, which is largely used in the English telegraph 
service, is a modification of the Banioll. It is made np in a 


such material. It is immersed in a dilute so- 
lution of sulphnric acid contained in a porous 
pot, r. The negative element, c, is a shoot 
of bent copper immersed in a solution of sul- 
phate of copper, and the whole is contained 
in a highly vitrified stoneware jar, j, about 
7 inches high. 

The E.M.F. of such a cell varies according 
to the densities of the solutions used, but it 
may be assumed roughly to bo 1*1 volt. This 
value changes slightly when the cell is in 
use owing to the densities of the solutions 
becoming slightly altered, but no polarisation 
occurs till the sulphate of copper solution has 
become nearly exhausted. The ijitcrnal re- 
Histanoo may bo as low as '3 of an ohm, and 



as high as 1-5 ohm, but it mainly depends 
upon the areas of the metals, the distance 


Fig. 24. — THE TROUGH BATTERY. 


between them, and the thickness and com- 


position of the porous pot. The porous pot is used to keep 
the two liquids from mixing, but if tho coll is allowed to 
rest for a couple of days they slowly diffuse through it. The 
immediate effect of tliis diffusion is to weaken tho solution of 
sulphate of oopper in the outer pot, and to deposit a certain 
amount of pure copper on the zinc. When the sulphate of 
oopper oomes into contact with the zino it is immediately decom- 
posed — owing to the zino having a higher heat- value than the 
oopper — and tho oopper thus set free becomes deposited on 
tho zino in a finely-divided state, having tho appearance of 
black mud. If this operation went on to any considerable 
extent, the zino would be eaten away by local action when the 
coll was not in use. In order to prevent this action from 
taking place at the base of the zino — ^where it is usually most 
marked— the bottom of the porous pot should be heated and 
dipped in melted paraffin wax before being placed in tho.cell. 

Tho ohemioal action which occurs in this cell can be best 


teak box (Fig. 24), which has been coated inside with marine 
glue to render it water-tight. 

Marino glue is made by dissolving one pound of oaontohouo 
in four gallons of naphtha, and allowing it to rest for ten days, 
after which one portion is added to two portions of Bhellac, and 
tho mixture thus obtained is cooled on marblo slabs. 

The box is divided into ten or twelve water-tight compart- 
ments by slate slabs. Each compartment either contains a flat 
porous plate, or is divided into two by a porous partition. Tho 
reservoirs thus obtained aro filled alternately with sulphate 
of copper and pure water. Into the water dips a zino plate 
measuring 3^' x and having attached to it a oopper strip, 
which is bent over the slate slab and joined to a oopper plate 
measuring Z" x 8'' which dips into the sulphate of oopper. Ten 
or twelve such combinations of metals are thus arranged In the 
trough, the last copper at one end and the last zino at the 
other being oonneoted to terminals, which form respectively 


described thus : — 

Before passing the current : 

Zn -f H,S04 . . 1 CfnS04 + Cu 

Zinc Sulphuric acid } Sulphate of copper Copper 
After passing the current : 

mju w-4 HnSOa -f 2 Cu 

Sulphate of , Sulphuric acid Copper 

That iz to iay, the zino unites with the sulphuric acid to 


the positive and negative poles of the battery. In the copper 
compartment is placed a number of crystals of sulphate of 
oopper to keep up the strengrth of the solution. This bat- 
tery is comparatively inexpensive and requires very little 
attention. The plates might be cleaned about once a month, and 
crystals of sulphate of oopper supplied when necessary ; any 
loss of liquid due to evaporation being remedied by an equiva- 
lent suppV of water. It has a high internal resistance, and 
its x.v.r. is scarcely affected by vaziations of temperal^. 
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MINOTTO’S CELL. 

This modification of the Daniell cell (Fig. 25) is made np in 
a glazed earthenware pot, j J, in the bottom of which is placed 



Fig. 25.— MINOTTO’S CELT... 


a copper plato, a, to which is attached an insulated copper wire. 
Upon this plate is placed a number of crystals of sulphate of 
copper, c fi, whioh are separated from a layer of sand or saw- 
dust, by a piece of canvas, c. Over the sawdtist another 
piece of canvas, c, is placed, and on this rests a zinc disc, z, 
having a binding-screw, B, attaolicd. A solution of sulphate of 
zino is then poured in so as to cover the zinc disc. This coll 
has a slightly low<‘r e.m.p. than the ordinary Daniell, and 
has a resistance whioh varies between about 10 and 50 ohms 
according to the dryness and depth of the sawdust. It is 
very portable, constant, and requires little if any attention. 


APPLIED MECHANICS.— VIII. 

BY 81B BOBEUT 8TAWRLL BALL, LL.D., 
Astronomor-Boyal for Ireland. 

THE MECHANICAL PEINCIPLES OP BEIDGES : THE 
aiEDEB-THE WOODEN BBIDGB-THE ABCH. 
Bridobs are of very varied form and construction, A tree 
whioh has fallen across a stream is, perhaps, the simplest bridge, 
and from this natural bridge up to such superb structures as 
span the Mojiai Straits, every oonoeivablo intermediate link is 
to be found. In the present lesson we shall first consider the 
most simple type of bridge — that of a single beam or girder — 
and afterwards oxaraino some more oomi/*'cated constructions 
of this class. 

THE aiKDFR. 

What is known in Mechanics as a girder will bo understood 
from the accompanying figure. Lot i* Q (Fig. 1) bo a beam, 
whether of wood, or cast-iron, or wrought-iron. This beam is 
supported at its extremities by a and B, and from its centre a 
weight is suspended. Now this weight, if not too largo for the 
strength of the beam, is sup])ortod, and the beam is said to bo 
strained transversely. Instead of having one weight attached 
to the beam, several weights might bo suspended from it in 
different places, as in Fig. 2 ; or, finally, as in Fig. 3, the beam 
may bo secured by having one end, r, firmly embedded in 
masonry or some secure support, and have a weight, vv, sus- 
pended from the other end, q. 

In all tlio.S3 COSO . when a beam is strained by a forcjo or 
forces tending to jreak it across transversely, the beam is 
called a (jinlcr. 

Wo shall first examine the simple case of a beam supported 
at each end, and bearing a weight in the middle (Fig. 1). 
When a weight is attached, tlio beam is soon to bend down a 
little in the centre ; us the weight is inorcosod the curvature 
moreases, until, when the weight reaohes a certain amount, the 
beam breaks. 

It will he importoiii for us to determine how the magnitude 
of the load which will break the beam is oonnootod with its 
dimensions of length, breadth, and depth. It is manifest that 
t^ie longer a bew is, the weaker it is, provided its section 
rgmajn the same. It is eai^ to prove, in fact, both from theory 


and from experiment, that the breaking-load of a beam varies 
inversely as its length. Thus, for example, a beam of Wood 
six inches square and twenty feet long is only half as strong as 
a beam six inches square and ten feet long. The effect of the 
section of a beam upon its strength is also to be ascertained 
without much difficulty. It is well known that a beam whose 
section is not square is stronger when plaoed edgewise thim 
when plaoed flatwise. By actual trial, it will be found that if 
two perfectly similar and equal beams be taken, and tl^t one 
beam be broken edgewise and the other be broken flatwise, the 
load necessary in the former case is to the load necessary in the 


Fig. 1. 


latter cose in the proportion of the depth of the beam to its 
breadth. From this law, and that which refers to the length, 
wo shall bo able to deduce on expression for the breaking-load 
of any beam of any material, provided that its section bo rect- 
angular and constant. 

It is a well-known rule among praotical men that a beam of 
cast-iron, one foot long and one square inch in section, is broken 
by a load of one ton ; lot ns deduce from this result the expres- 
sion for tho breaking-load of any beam of oast-iron which is I 
inches long, h inches broad, and d inches deep. 



Fig. 2. 


A beam whose section was ono square inch and whose length 
was I inches would require a load determined by tho following 
proi^ortion ; — 

I ! 12 :: 1 ton : answer. 

This proportion follows at once, from tho law that the breaking- 
weight is inversely as tho length : wo infer, then, that for a bar 
I inches long and one inch square tho breaking- strain is 
33 

-J- tons. 

The beam that we have supposed is h inches broad ; it Is there- 
for© the same as h beams, each one inch broad, and d inches 


Fig.S, 


deep, standing side by side. Hence, the strength of tho beam ie 
b times the strength of a beam I inches long, d inches deep, and 
ono inch broad, standing edgewise. 

By the soeond law, a beam one inch broad and d inches deep 
is d times as strong as a beam d inohos brood and one inch 
deep ; and hence the original beam is 5 x cl times as strong as a 
beam d inches brood and ono inch deep. But a beam d inches 
broad and one inch deep is d times as strong as a beam of the 
same length which is one inch square. This is evident, for wo 
may manifestly conceive that d beams, one inch square, placed 
side by side are idextical in strength with the solid beam whioh 
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would be fonned by making them cohere together. This would 
not, however, be true of beams placed one over the other. We 
infer, therefore, finally, that the beam I inches long, h inches 
broad, and d inches deep is bdxd^^hd^ times as strong as a 
oeam of the same length and one inch square ; but we have 
already seen the strength of the latter to be 

12 . 


and therefore the breaking strength of the entire beam ia 
— tons. 

This may be expressed in the following manner 
aroa of section x depth 
length. 


12 - 


AU the magnitudes are to be expressed in inches, and the 
answer will be in tons. 

Exa/mjple . — To find the breaking- strain of a cast-iron beam 
twenty foot long, six inches deep, and two inches broad. 

The area of sootion is 

0 X 2 = 12 inches, 
and therefore the answer is 
■ 12 
240 


12 


3‘6 tons. 


The expression we have hero deduced for cast-iron holds also 
for other substanoos, the only difference being that tho 
numerioal co-efficient, which is 12 for cast-iron, must bo re- 
placed by one appropriate to tho particular material of which 
the boam is composed. 

Thus, in the case of a beam of pine, the breaking-load, ex- 
pressed in pounds, is given by tho expression — 

- area of section x depth 

6,000 • 

For example, a piece of pine, ten feet long and six inches 
square, has a bre^ug strain of 
3G X 6 

6,000 “ 10,800 pounds. 

In general, tho strength of any beam is represented by 


S 


area of section x depth 
length 


The values of s for certain substances are given in tables 
which will be found in treatises on Applied Mechanics. 

We have hitherto only discussed the case of Fig. 1, in which 
tho load is applied at tho centre of the boam. Wo have now to 
consider the case of Fig. 2, whore the load, instead of being 
applied at one point, is distributed over several. A beam in 
this condition is always able to bear more than when tho load 
is applied entirely at the centre. Tho most important case 
which occurs in practice is where tho load is distributed 
uniformly along the boam ; as, for example, when a beam, 
supported at each end, bas to sustain the weight of a wall of 
masonry. In such a case as this every inch of the length of 
the beam bas the same pressure to support. To break a 
boam by a load applied in this manner requires twice as 
much weight as when applied at the centre only, and therefore 
the preceding expression will be applicable if the values of s 
be doubled. 

In large beams the weight of tho boam itself forms often a 
large portica of tho load which it has to support, and this 
pressure is, of course, distributed along the length of the beam. 
In fact, the dimensions of the largest beams are limited by the 
consideration that, beyond a certain span, it ia impossible to 
oonstruot a beam wbioh sbonld sustain its own weight. 

In Figs. 1 and 2 we have supposed that the ends of the beam 
aj*e free, and when the beam is loaded the ends onrl up slightly. 
If, however, the ends of the beams be firmly secured by being 
embedded in masonry, as the end p of the beam in Fig. 8, the 
strength of the beam is greatly increased, and it will ^ found 
that nearly doable the load is now necessary to break it than 
was before required. 

The beam of Fig. 3, in wbioh the weight is suspended at one 
end while the other is fixed, is only one*fonrth the strength of 


a s i m i la r beam supported at each end and laden in the oentrO: 
in the manner represented in Fig. 1. 

THB WOODEN BRIDGE. 

We shall now examine a few of the simple meohanloal prin- 
ciples that are employed in the constmotion of a timber or iron 
bridge. The subject is here divested of tho complexity which 
belongs to it in praotioe, and for information on which referenoo 
must be mode to actual engineering works. This lesson ia 
rather to be regarded as an illustration of meohanioal principles 
than as a treatise on the building of bridges, wbioh would, of 
course, be wholly out of place here, and ia a difficult subject. 

It will bo fonnd both easy and instruotive to verify experi- 
mentally the principles that are here laid down ; tho apparatus 
necessary for this is simple and inexpensive. A number of slips 
of pine half an Inoh square, and of various lengths, from one 
foot to four feet, form the only materials necessary fer tho 
bridges which will be described in this lesson. I’hoso miniature 
wooden beams are to be fastened together in any positions that 
may be desired by means of cramps, such as that shown in 
Fig. 4, and which can be procured in any tool-shop ; they should 
open to about two inches, as sometimes three beams must be 
fastened by tho same cramp. The use of these cramps dispenses 
with the necessity of any other fastenings, for it will bo found 
that tho slips thus fastened together will boar a very great strain, 
amounting to 100 pounds or more, without slipping. Thus, with 
the greatest facility, bridges and other structures may bo built 
up, and actually loaded with considerable weights, 14 pounds, 28 
pounds, 50 pounds, etc., to tost their strength. Possessing a few 
dozen of those slips of wood, and a corresponding number of 
crami)s, many varieties of simple bridges may bo tested, tho same 

slips ro-appoaring in different combinations ; and 

I tho apparatus may also bo used for constructing 
models of roofs, and many other pieces of frame- 
work which will suggest thomsolvos to tho in- 
quiring stmient. It will probably bo found 
surprising what offioiont joints ore produced by 
tho compression of tho wood in tho cramp ; but, 
in cases of very great strains, tho danger of 
slipping will bo leaseuod by interposing two 
small pieces of sand-paper, back to back, between 
tho surfaces of wood in contact. A few larger 
cramps wiU often bo found useful for securing 
the important joints more firmly than is pos- 
sible with the small cramps; tho bruising of 
the slips may bo diminished if necessary by tho 
interposition of small slips of card-board between the iron 
and the wood. 

Lot us suppose that it is desired to make a foot-bridge from 
one support, A, to another, b (Fig. 5). Tho most simple way of 
doing it, if tho distance be not groat, is to lay a plank of suffi- 
cient strength across, with its ends on each support ; and for 
a short distance no method can bo more efficient. To consider 
the strength of such a bridge, we must remember what has been 
already proved, that tho load being the same, the weaknoHS of 
the bridge increases proportionally to its length, and honco we 
see that tho longer is the distance from A to B, tho stronger 
must tho planks be ; but with an increase in the strength — that 
is, in the dimensions of the plank — there is a corresponding in- 
crease of its weight, and therefore an addition to the load which 
it has to sustain. When to this we add that there is, of oonrse^ 
a practical limitation to the mafirnitude of planks, we see at once 
that when the distance between A and b exceeds a certain amount, 
a bridge consisting of a single unsupported plank is a practical 
impossibility. It will be found that a slip of pine half an inch 
square, and resting on two supports, the distance between which 
is ten inches, would bo broken by snsponding a weight of about 
80 pounds, more or less, according to the quality of the wood, at 
its middle point ; hence we should infer, and we can easily verify 
by experiment, that a rod of the same wood resting on two sup- 
ports forty inohes distant, would bo broken by a weight of about 
20 pounds. We shall then examine the means by which a 
bridge consisting of a single plank can be strengthened. For 
convenience, we shall confine onr attention to the rod of pine 
half an inoh square and four feet long, being one of those with 
which the experiments are made, and, of oonrno, the observa- 
tions will ap^y, mutatis mutandiSt to every other case. 

Let ▲ B be a single beam, which is too long when unsupported 



Fig. 4. 
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fco form a safe bridge for the load which It has to carry. If, by 
meftHB of a iiodostal, it could be directly supported at the middle, 
at the point x, its strength would be doubled, because then it 
would bo equivalent to one beam, A x, resting on the supports A 
and X, and to another, B x, resting on b and x ; and since the 
strength of a boam varies inversely as its length, each of these 
]:>Drtion8 is twice as strong as the whole boam was before, and 
iherofore the bridge will now support double the weight which 
it could carry originally. 

If three pedestals are applied, the length A b is divided into 
four parts ; each part is, therefore, four times as strong as the 
unsupported plank A n, and therefore the supported bridge is 
four times as strong as it was before the pedestals were applied 
to it. 

Wiionover it is possible to have a number of pedestals under 
a bridge, t^ioy form the most suitable atid efficient moans of 
su]iport, but in the majority of oases it will not be possible, 
and other means of support must bo sought. 

If a rod of pine four feet long bo supported at the ends A and 
B, it would sustain about 20 pounds hung at its middle. Let the 
points of trisootion, p and Q, of this beam bo taken. If these 
points could bo firmly supported, wo should then expect, acoord- 
ing to the principles already explained, that the strength of the 
rod would bo increased threefold. Now, if with the help of 
cramps another rod bo fastened to a b at p, and to the support 
at c, and a second rod, g d, be similarly attaohod, the desired 
objeot is accomplished. 

It will bo found on trial that the stLstaining power of the 
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bridge boa been vastly increased, and it will also bo noticed that, 
fheroas before it yielded and bent under a slight load, it has 
jQvr acquired oonsidorable stiffness and rigidity. What is the 
reason of this P The point i* could formerly be pressed down- 
wards a little without breaking the beam, and on the relaxation 
of the I pressure it returned, of course, to the horizontal line. 
Lot us suppose that it could be pressed down to p'. pp' is 
vertical, for the ends A and n being secured, p could not be 
pushed cither towards A or b, but only vertically. In the 
triangle ci v i*' the angle c p' p is the greatest, and therefore c p 
is greater than c p'. Hence P cannot bo depressed at all without 
coming nearer to c ; but when the rod c p is introduced, and 
firmly fastened both at c and r, it prevents p coming any nearer 
to o, and therefore p cannot move at all, provided the joint do 
not slip nor the pressure be sufficient to break c p. In fact, 
A p o may be looked upon as a triangle on the base a c ; and 
sinoo, by Euclid I. 7, there cannot bo two triangles on the same 
base and same side of it which have their conterminous sides 
9 qua 1 , it follows that p cannot move when c p is applied, though 
the flexibility of the wood would havo allowed it to do so 
previously. In precisely the same way it can be shown that 
Q is a fixed point. Hence the boam a b may be regarded as 
directly supported at p and g, and thoroforo the whole will bo 
as strong as each of the throe equal segments into which it is 
divided. Henoe, by the principle already explained, the strength 
of the bridge is increased threefold. Actual experiment will be 
found to justify this reasoning. By placing a second four-feet 
rod ])ai'allol to A B, and distant from it by a few inches, and simi- 
larly supporting it by two other rods, and then laying a few 
short rods orossways over both beams to form a roadway, the 
bridge can be loaded with weights to test its strength. 

THE AEOH. 

The simplest theory of the arch is that which is given by 
Dr. Hooke. A chain which is suspended from two points hangs 
downwards in a curve called the catenary ^ and cooh of its links 
is retained in equilibrium by the tension of the two adjacent 
Jinks which oounterbalanoe its weight. Precisely similar is the 
equilibrium of the stones which form an arch. Each of the 
stones is held in equilibrium by the pressure of the two adjacent 
stones, called voussoirs, and its own weight. The dlfferonoe 
between the cases is, that while the equilibrium of the chain is 
vustable that of the arch is stable. 


NOTABLE INVENTIONS AND INVENTORS 

VII.— THE MABINEB'S COMPASS (conclwd^d). 

We now resume the history of the oompass. In 1280, when 
Maroo Polo returned from his travels in Cathay, he is believed 
to have brought a knowledge of the compass, as well as other 
Chinese inventions, back to Europe with him ; but there is no 
known authority for this opinion that can lay claim to authen- 
ticity. It is certain, however, that before the close of the 
fifteenth century, when Vasoo do Gama found his way round 
the Capo of Good Hope, the pilots of the Indian seas were expert 
in the use of Boa-ohart.s, the astrolabe, and the compass. 

We find the oompass minutely desoribed by Guyot de Provence, 
in his satire, “ Lo Bible,” about the year 1190. Guyot, a minstrel 
by profession, had probably seen it in use during the Crusades, 
to one of which, most likely, he had previously attached himself . 
At all events, Cardinal do Vitry and Vincent de Beauvais, both 
Fronchmoii, and both Crusaders, writing at a later period by a 
quarter or half a century than Guyot, speak of it as a groat 
curiosity which they saw in the East, and we may infer that it 
was a thing almost unknown in Europe. There is not, hence, the 
slightest foundation for the belief that it was used by European 
seamen at so early a period, though there can bo but little doubt 
tliat by the middle of the thirteentli century it had como into 
partial use, and into general knowledge ; since, in one of the 
songs of Gauthier d*Epinoir, is an allusion whioh no one would 
havo made, had not his auditors been familiar with the magnetic 
needle. 

It was long contended that the inventor of the compass as 
a nautical instrument was Flavio Gioja, a native of Amalfi, near 
Naples; and the date given by the Italians is from 1300 to 1320. 
It is obvious, from wliat wo havo already said, that there is no 
foundation for this opinion. Before this assigned period, oven 
the “Trosor ” of Brunotto Latini (the master of the divine Dante) 
bears evidence that the compass was not a rarity. It is, how- 
ever, highly probable that Gioja greatly improved the oompass, 
either by its mode of euaponsion, or by the attachment of the 
card to the noodle itself, or in some other important particular. 

The French long laid claim to the discovery of the compass, 
or at least to the attachment of the card to the needle, from 
the (^cumstance of the north point being marked with the 
fleur-de-lis ; but there is no distinct evidence on this point, and 
Sir John Davis, with more probability, considers that the 
figure is an ornamental cross^ originating in the devotion of an 
ignorant and superstitious age to the more symbol. Besides, 
this ornament is not peculiar to the compass, but may bo Been 
on the hour-hand of modem French clocks. Or, as Sir John ob- 
serves, “ as the compass undoubtedly came into Europe from the 
Arabs, the fleur-de-lis might possibly be a modification of the 
monasala or dart, the name by which the Arabs called the needle.*' 
Still, the fleur-de-lis^ as the ornament of the northern radius of the 
compass, is said to havo been adopted by Gioja, the Neapolitan, 
because it was the device of the reigning King of Sicily at the 
time Gioja first employed the instrument in navigation. 

By whom the suspension now generally used was invented, ia 
altogether unknown from any document or other evidence. We 
have already explained that a magnetic needle balanced on 
a pivot will, subject to a correction for the variation of the 
magnet, point out the true direction of north and south. A cord, 
bearing the points of the compass, and unalterably attached to 
any apparatus, such as a globe, will therefore afford the meona 
of adjusting it north and south, if the centre of the card be 
made the pivot of a magnetic needle. In the mariner's composer, 
however, we affix the needle to the cord, pointing it towards 
north and south, so that the card travels with the needle ; and 
if a pointer (fixed with respect to the ship) mark out the point 
on the edge of the card, which lies in the line drawn through the 
pivot parallel to the plane which symmetrically bisects the ship, 
the beariT.g of the ship's head is shown by that part of the oo^ 
to which the pointer directs for the time being. To ensure the 
horizontality of the compass-cord, the cylindrical box in which 
it is enclosed is supported in a hoop at opposite points by pins 
projecting from it, so as to allow the box to revolve Inside the 
hoop, ^is hoop is supported in the same manner on pivots, 
the line of which is at right angles to the first points ; so by 
the rotation of the compass-box in the hoop, and of the hoop itself, 
the former can always form its position of eqnilibriom, whioli 
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the horizontal position. The small oscillations of the apparatus | 
are immediately destroyed by the friction. The apparatus is 
then said to be supported on gjmhleB, or gimbals, allowed to 
have been the invention of an Englishman. 

Tho dip of the needle— that is, the angle which, when sup- 
ported on its centre of gravity, it makes with the piano of the 
horizon — was discovered by Kobert Norman, of Wapping, in 
15i)4. Next was discovered the variation of the compass; 
that is, that it did not point directly to the north, but some- 
what east of that point. To account for this it was supposed 
that the magnetic pole of tho earth did not coincide with that 
of the axis on which the globe itself turned, and so it proved. 

The variation of the needle was known to a Chineso philo- 
•sophor, who wrote about the year 1111. Columbus was sailing 
across tho Atlantic Ocean, in his attempt to find a new world. 
On September 13, 1492, in the evening, being about two hundred 
ieagrues from the island of Ferro, Columbus first noticed tho phe- 
nomenon ; the variation was a little to tho west at London. About 
nightfall, the needle, instead of pointing to the North star, 
varied about half a point, or between five and six degrees to the 
north-west, and still more on 
the following morning. Colum- 
bus was struck with tho cir- 
cumstance, and he observed 
the variation to inoreaso throe 
days as he advanced. He at 
first made no mention of tho 
phenomenon, knowing how 
ready now his people wore to 
take alarm ; but tho pilots 
were filled with coustemation. 

It seemed .as if tho very laws 
of Nature wore changing as 
they advanced, and that they 
were entering another world 
subject to unknown influences. 

They apprehended that the 
.compass was about to lose its 
mysterious virtues, and with- 
out this guide what was tc* 
become of them in a vast and 
trackless ocean ! Columbus 
now sought to allay their 
terrors. He told thorn that 
the direction of the needle was 
not to the Polar star, but to 
some fixed and invisible point ; 
the variation was not caused, 
therefore, by any fallacy in the 
zompass, but by tho move- 
ment of the North star itself, 


may be corrected. Lightning alone exeroiaos a decided influence 
on the needle, by reversing its points, so that north becomes 
south, and conversely. Wion a vessel is nearing land, the 
needle is said to ' be affected ; and certain rooks exercise a 
decided magnetic influence on the compass, volcanic rocks 
especially, but this influenoo is not felt on board ships. But 
the action of the iron forming the ship’s sides is for different; 
nothing, not even the interposition of a thick non-magnetic 
body, will stop its influence. But tho real danger proceeds^ 
from another source ; since tho ship herself, under her weight 
of canvas, may increase tho deviation of tho needle. From 
experiments made on board an iron-built sailing vessel, pi*o* 
vidod with iron rigging and lower yards of stool, and with two 
binnacle compasses on her poops, and a. third placed between 
tho mizen and main masts, the lower part of which was all of 
iron, tho deviations of tho needle were rospootivoly 66“, 24'*, 
and 85“. It need scarcely be added that much experience may 
bo gained by freighting an iron vessel only when she has been 
at sea for a considerable time, in order to ascertain how her 
compass behaves. The Eev. William Scorosby, whom we have 

already mentioned, published 
his various investigations of tho 
influence of iron ships upon their 
compasses, and the requisite 
oorrootions. One of tho most 
interesting of these wo have 
described in tho previous num* 
her. In IS.'lo Dr. tSooresby 
coraraunioatod to tho British 
Association a summary of his 
matured views and the evidence 
in their favour, in which he re- 
called attention to his plan of 
a compass aloft, which affords 
a simple and effoctire mode of 
asoortaining tho direction of a 
ship’s oourso; and to exemplify 
this and other questions, Dr. 
Scoiosby, in 1856, took a voy- 
age to Australia in tho Royal 
Charter iron steam- ship. His 
theory proved correct. But the 
fatigue of tho voyage to a man 
approaching seventy years of 
ago was oxeo.ssive, and, without 
doubt, aooolorated Ids death. 
As a proof of his energy in the 
cause of science, it may bo men- 
tioned that once in the course 
of this voyage, in a violent cy- 
clone, ho ascended the mizen- 

which, like tho other heavenly bodies, had its changes and rigging to judge of tho height of the waves, which he calculated 
revolutions, and every day described a circle round tho pole, to be then thirty feet. Ho returned to England, and narrated 
The pilots had faith in Columbus, and believed him. Hi his voyage to a large audience at Whitby ; but while preparing 
explanation, as tho Copernican system was unknown, was j his journal for publication ho died, leaving his widow to receive, 
plausible, and was believed ; and it showed Columbus’s roodi- I as a momorial of his services, a chair formed from timber of the 
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ness to meet tho emergency. The phenomenon has now become 
familiar to ns, but wo are not so cognisant of its cause. “ It 
is,” says Washington Irving, “ one of those mysteries of Nature 
open to daily observation and experiment, and apparently 
simple from their familiarity; but which, on investigation, 
mako the human mind conscious of its limits, baffling tho ex- 
perience of tho practical, and humbling tho priclo of science.” 

The iron employed so exionsivoly in modem vessels has 
created groat, but generally unsuspected, deflections of tho mag- 
netic needle from the position which, under tho influence of 
terrestrial magnetism only, it would take in any given place 
and at any given time. Numerons vessels have been wrecked 
in consequence of this alone. In England, tho errors of the 
compass from the action of iron have been oorreotod by placing 
near it powerful magnets, the action of which produces upon 
the needle equal effects, but opposite to those of the ship. The 
French employ a table of corrections, based upon minute observa- 
tion, and applicable to every indication of the compass affected. 
Nevertheless, fatal accidents are still attributable to tho -errors 
of the compass. One of the contrivances for diminishing this 
serious inconvenience is the eorrooting oompass, which affords 
the means of taking the sun’s position, whereby the deviation 


vessel in which he made his voyage to Australia. 

In reviewing tho history of tho oompass, wo arc reminded of 
the remark of Sir John Horschel — that such inventions are not 
tho creation of a few years, or a few generations. They pre- 
suppose long centuries of previous civilisation, and that, too, at 
tho dawn of European history, when tho declination of tho 
needle was known. 

The following facts relative to the construction of the mari- 
ner’s compass, tho graduated card of which is shown in tho 
annexed illustration, may prove intoreating to the reader: — The 
shape of the needle is generally that of a long parallelogram, 
of which tho width is very small in comparison with the length ; 
or that of an elongated lozenge. A hollow cone, generally of. 
steel, but sometimes of agate, rises precisely in the centre of tho 
needle ,to supply tho means of balancing it on the fine point 
of the pin on which it works, and about which it may turn 
freely in any direction without tho slightest hindrance from 
friction. 

Tho pin on which tho needle works rises perpcndionlarly from 
the centre of a circular card, marked as in tho illustration. 
Tho central portion of the card, lying within a graduated ring 
divided into 128 ports, is marked with a star of 32 rays, of 
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4 16 are solid and 1 C dotted. These rays mark the 82 points 
Ae compass, the ray that marks the north point on the card 

Ang ^stinguishod by a fiewr-deAis. The graduated ring 
/liready spoken of shows the division of each of the 32 points 
/into quarter-points. In the ring or belt immediately without 
it is marked the reading of each point. In the narrow ring 
immediately without this is marked the numerical order of the 
points from north and south to east and west on either side ; 
and in the outermost ring is given the value of each point from 
north and south to east and west on either side in degrees 
and minutes, each point being equal to the l-32nd part of 860 
degrees, or 11® 15'. 

. ANIMAL COMMERCIAL PRODUCTS.~XIV. 

HI. — EDIBLE SPECIES. 

The preceding notice of the Mbllusca would be incomplete 
without some reference to their value as a source of human 
food. Amongst the edible kinds wo have the 

Oyster (Ostrea eduUs). — Vast beds of this mollusk are planted 
and tended with great care. The oyster culture is carried on 
most extensively at Colchester and other places in England, and 
on the coasts of France. Tlio oysters are laid in beds, in creeks 
Hear the shore, where in two or three years they grow to a con- 
siderable size, and improve in flavour. Between 14,000 and 
15,000 bushels of Essex oysters are consumed in London 
annually. There are 200 vessels, of from twelve to fifty tons* 
burden, manned by 400 or 500 men and boys, continually 
dredging for oysters on the Essex coast. 

Mussel (My Ulus edulis). — This is another popular mollusk, 
not BO digestible as the oyster, but nevertheless in considerable 
demand as human food, and largely employed ns bait for whiting, 
haddocks, and cod. Wo have also the Ceckla {Cardium edide)^ 
reriwinlclc (Iditorina Uitorea), Whelk {Ihiccinum undatum)^ 
and the Ormond Whelk (Fusns autiqvus)^ with which our 
markets arc abundantly supplied. Others might bo mentioned, 
but enough has been said to show that, whilst the shoU of the 
mollusk is attractive and useful, the soft body of the creature 
that dwells within it is not less valuable. 

peoducts of the SUB-KINGDOM ATOULOSA. 

Annidosa (Latin, annulus^ a ring), a name given to the third 
groat division of the auimal kingdom. The body, in Annulosa 
generally, presents a symmetrical form, and consists of a series 
of rings or segments ; tlio norv'ous system is a double nervous 
thread, which cxttmds along the body at its lower side, and is 
united at certain distances by double “ganglia,” as those nervous 
maasoB are termed — nerves being given off from these ganglionic 
masses. In the group Annul oida, the body is ringed and devoid 
of limbs, whilst in tlvo Articnlata it is composed of movable 
pieces, and the limbs are jointed. 

The Annulosa are divided into the following classes : — 

1. Annelida (Latin, annulus, a littlo ring), animals having 
bodies soft and pliable, more or less cylindrical, and formed of a 
great number of small rings. Examples : earthworm and leech. 

2. Crustacea (Latin, anisla, a hard covering), having an 
articulated, hard shelly case or covering, in which the softer 
parts of the body are oontoined. Examples ; crabs, lobsters, etc. 

3. Arachnida (Greek, arachne, a spider), having the head and 
thorax confluent with each other, and the body consequently 
consisting of only two segments, with eight logs, and smooth 
eyes. Examples : spider and scorpion. 

4. hisecta (Latin, in, into, and seco, I cut), including those 
animals having an insectod or divided appeamnoe of the body 
into three well-marked portions, called respectively the head, 
thorax, and abdomen. Six legs are articulated with the thorax. 
Examples : boo, moth, and beetle. 

^ In the first class, Annelida, we have one species of very eon- 
siderablo value in commerce, the 

Jjeech (Hh'udo medicinalis, L.), — TTiis is an abranchiate red- 
blooded worm, provided with a circular disc or sucker, at eithmr 
extremity of the body. The oval aperture or mouth is formed 
of- throe pairs of cartilaginous jaws, each armed with two rows 
of very fine teeth, and disposed in such a manner that they form 
three radii of a circle. This apparatus enables the leech so to 
penetrate the skin as to ensure a ready flow of blood without 
causing a dangerous wound. Leeches are usually found in pools 
Mid marshes, sometimes in England, but priucipidlj on the Ckm* 


tinent, especially in Portugal, the south of France, Germany, 
Hungary, and Bussia. The greatest quantities come through 
Pesth and Vienna from Hungary. Most of the leeches used in 
England are imported from Hamburg, whither they are sent 
from the lakes of Pomerania and Brandenburg, and from the 
province of Posen in Prussia. 

Leeches are taken by men, who wade into the pools with 
naked legs, to which they fasten themselves. The men then 
leave the water, and remove them before their bites become 
injurious. Leeches are sent over in bags, or more frequently 
in small tubs, closed with stout canvas to allow a free passage 
of air. Each tub usually oontaina about 2,000 leeches. Some 
idea of the extensiveness of the leech trade may be obtained 
from a fact mentioned by Dr. Pereira, that, some years ago, 
“ four principal Iceoh dealers in London imported on the average 
600,000 leeches monthly, or 7,200,000 annually.** The annual 
consumption of leeches in Paris is estimated at 3,000,000, and 
that of the whole of Jhranoe at 100,000,000. 

The seoond class, Oimstacea, furnishes several species which 
are used as food — ^as crabs, lobsters, crayfish, prawns, and 
shrimps, so well known as to render description needloss^ 
Omitting the Arachnida, which are of no commercial value, we 
come to the fourth class, Jnsecta, which is pre-eminent over the 
others in the number of individuals, and in their beautiful forms, 
colours, and transformations. Its mombors are in the highest 
degree valuable to man, furnishing him with unlimited snpplioe 
of honoy, wax, silk, and dyeing materials. The following are 
the most important insects, regarded from a oommeroial point 
of view. 

Tlio Silkivorm Moth (Bomhjx mori) belongs to the family 
Bennhycida;, a section of the nocturnal lepidoptera or moths. 
It has short plumose antennoe, a thick short body, stout legs, 
and white wings, with two or three dark lines stretching across 
them parallel to the margin. It lays its eggs, which are of a 
greyish tint, on the leaves of the mulberry tree (Moms alba), 
upon which the larva feeds. These larvm form the cocoons 
from which the silk is procured. The eggs may bo preserved a 
long time without deteriorating, provided they ore kept free 
from damp, and not too many in tho same packet. The eggs in 
this state are called by the silk cultivators “ seed.’* 

Tho larva) when first hatched are a quarter of an inch long 
and of a dark colour, and the first care after their birth is to 
separate them from their shells, and place them in hurdles 
where they may find appropriate food. For this purpose, a 
paper perforated with holes and covered with mulberry-leaves is 
spread over tho basket in which the larvae ore placed, and in 
passing through tho holes to got at tho mulberry-leaves, they free 
themselves from their shells. Tho silkworm lives in the larval 
state from six to eight weeks, during which time it moults or 
changes its skin four timc.s, increasing in size and voracity with 
every moult, and when fully grown is about three inches in 
length. 

The caterpillar now stops eating, betakes itself to some con- 
venient spot whore, after spinning a few threads in various 
directions, it au8i)end8 itself in tho midst of them, and by con- 
tinually twisting its body, it gradually envelopes itself in a 
thick, silken, oval-shaped cocoon. Tho silk is a secretion of a 
pair of tubes called serictcria, which terminate in a prominent 
pore or spinneret on the under lip of the caterpillar. Tho two 
fine filaments from tho sericteria are glued together by another 
secretion from a small gland, so that tho apparently single 
silken thread proceeding from tho caterpillar, which forms the 
cocoon, is in reality double. Whilst spinning the cocoon, which 
is usually completed in five days, the larva decreases in bulk, 
casts its skin, becomes torpid, and ultimately assumes the 
chrysalis form in the interior of tho cocoon. 

Tho cocoons, when completed, are thrown into warm water, 
which dissolves the glutinons matter that oanses the threads to 
adhere, and separates them. The end of the thread is then 
found, and placed upon a reel ; the silk is wound off the cocoon 
and formed into hanks. When this is carefully done, the silken 
thread obtained from a single cocoon is sometimes from 750 to 
1,150 feet long, or of on average length of 300 yards. IVelve 
pounds of cocoons yield 1 pound of raw silk. About 1 ounoe of 
silkworms* eggs will produce 100 pounds of ooooons ; 16 pounds 
of mnlbeny leaves are food sufficient for the production of 
1 pound of ooooons ; and each mulberry tree yields about 100 
pounds of leaves. These dataafford the reader the means of eel* 
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cuiating the namber of insects, eggB, trees, and leaves necessary 
for the production of the 2,230,900 pounds of ra\r silk, the 
quantity that was imported into the United Kingdom in 1886. 

Tlio art of rearing silkworms, of unravelling the threads spun 
by them, and manufacturing those threads into articles of dress 
and ornament, seems to have been first practised by the Chinese. 
In China, Japan, and India, silk has formed, from time imme- 
morial, one of the chief objects of cultivation and manufacture. 
The silkworm moth and the mulberry treo are, in fact, both 
natives of China, and a great portion of our supplies of silk is 
still derived from that country. There was a time when silk, 
now so abundant, was valued in Borne at its weight dn gold, 
and the Emperor Aurelian refused his empress a robe of it on 
account of its dearness. At the period when our ancestors 
were naked savages — 2,000 years ago — the Chinese peasantry, 


through Canton. The principal ports from which wo receive 
East Indian silk are Oalentta and Bombay. The exports from 
these places amount to 10,000 cwt. annually. Anatolia and 
Syria produce much good silk, principally around Damascus 
and Beyrout ; this goes chiefly to Western Europe, rid Aleppo, 
Smyrna, and Constantinople. A great deal of Persian and 
Armenian silk is brought by caravans from Asia, by Bassoro, 

I Bagdad, Damascus, etc., to the ports of the Levant, and goes by 
the name of silk of the Levant. This name also includes all 
the silk produced in Turkey, the Morea, and in the Archipelago, 
and brought into commerce through Gallipoli and Salonioa. As 
I the breeding of silkworms only prospers in warm olimatos, silk 
I onlturo is confined in Europe to Italy, the South of Franco, and 
I Spain. There is also considerable silk cultivation on tho south- 
I em slopes of tho Alps, in Tyrol and Illyria, and within the lost 
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amounting in some provinces to millions in number, were clothed twenty years succossful attempts at silk culture have been made 
in silk. in Bavaria and Lower Austria. 

From China tho cultivation of silk extended to Hindostan, As already stated, the quantity of raw silk imported into 
and thonco to Europe, in the reign of the Boman Emperor Jus- j Great Britain in 1886 was 2,230,900 pounds, and the value of 
tinian, about the middle of tho sixth century. From tho sixth i tho silk manufactures imported in that year was .£10,683,655. 
to tho twelfth century the culture of silk was confined to Greece, 1 Although the climate of England is too cold to rear the silk- 
partioularly to tho Peloponnesus, whore it spread so much that i worm, we are able to manufacture the silk. Wo have upwards 
this part of Greece derived its modem name, Morea (Latin, of 300 silk manufactories, giving employment to 50,000 hands. 
moru/t, a mulberry), from that circumstance. From Greece silk The principal seats of fho English silk manufacture are : — For 
cultivation spread into Sicily, Italy, Spain, and finally France, broad silks, Spitalfields, Manchester, Macclesfield, Glasgow, 
The French commenced its culture in 1594, under the auspices Paisley, and Dublin ; for crapes, Norfolk, Suffolk, Middlesex, 
of Henry IV., and the raising of raw silk and its manufacture Essex, and Somerset ; for handkerchiefs, Manchester, Macclos- 
now form a very considorahle proportion of the French trade, field, Paisley, and Glasgow ; for ribands, Coventry ; for hosiery. 
We have not space for further detail of the progress of the silk Derby’; and for mixed goods, Norwich, Manchester, Paisley, 
manufacture. and Dublin. The annual value of the goods manufactured is 

At present the United Kingdom is supplied with the raw raa- computed at ^810,000,000. The exports of British manufac* 
terial for manufacture principally from China, the East Indies, tnred silks are chiefly to tho United States and the colonies, 
the Levant, Franco, and Italy. Of Chinese silks tho best come We also ship silks extensively to South America, Germany, 
from tho provinces of Nankin and Tsekiang in Eastern China. Belgium, and even India and Franco. 

Silk of an inferior charaoter is xeoeived from Southern China, Next to the silkworm moth tho Kor<«i/ Bee (Apit 
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iA the most tiaeful insect to man. This insect belongs to the 
order Bymc'nojptera (membrane-winged), an order oharaoterised 
in most of the genera by the presence of a sting. The habits of 
the honey bee are replete with interest, arising from its social 
economy and from the separation of the individuals into three 
communities based on sexual modification, viz., the queens, or 
prolific females; the workers, or barren females; and the drones, 
or males. 

The hive boo or honey bee is distinguished from the other 
species of Apis by having the femora of the posterior pair of 
legs furnished with a smooth and concave plate on the outer 
eurfocc, which, fringed with hair, forms a basket adapted for the 
conveyance of pollen. A] swarm of bees consists generally of 
about 6,000 individuals, of which about one-thirtieth part are 
males, the rest females, and of these one only is for the most 
part prolific, called the “ queen." The body of the queen bee is 
longer, her colours brighter, and her head smaller than these 
parts in the other bees, and her sting is curved. The male bees 
or drones have no stings ; their body is shorter and thicker. 
The workers have a straight sting, but as their growth is ar- 
rested before the full development of all their organs, they are 
emallor than either the queen or the drones, and their colours 
are less bright. The honey bee in its natural state generally 
constructs its nest in hollow trees, but throughout jElurope it is 
now rarely found except under domestication. 

The comb consists of beautiful hexagonal cells, placed end to 
•end in such a manner that each cell is closed by three waxen 
plates, each of which also assists in completing one of the cells 
of the other side of the comb. The whole duty of the construc- 
tion of the comb and the care of the young devolves upon the 
workers, whoso incessant activity has rendered them the symbol 
of industry. 

It is a remarkable fact that we derive the greater iiart of our 
knowledge of the economy and liabits of the hive boe from the 
labours of a blind man. The elder Huber lost his sight when 
only seventeen years of age, but by means of glass hives, vari- 
ously constructed, he was enabled, through the aid of his wife, 
to become acquainted with all that was going on in thorn, and 
from her faithful recital of what she saw, together with the aid 
of on untiring investigator, M. Bunions, he amassed the material 
for his celebrated work. 

In the construction of the comb the bees take hold of each 
other, and suspending themselves in clusters, which consist of 
a series of festoons or garlands crossing in all dirootions, remain 
immovable for about twenty-fonr hours, during which time the 
wax is secreted in the form of thin plates from between the 
eoales of l^heir bodies. One of the bees makes its way to the 
roof of th^ hive, and detaching its plates of wax in succession 
froin the abdomen with the hind legs, works them up with the 
tongue into the material which forms the comb ; this bee is fol- 
lowed by others, which carry on the work. As soon as a few 
cells af e thus prepared, the queen bee begins to exude her eggs. 
The first eggs develop into workers, the next produce the 
drones and ^so the queens. The eggs are deposited in the 
cells, and in five days the maggot is hatched. The solo employ- 
ment of the queen bee is the laying of those eggs, and as only 
one is deposited in each coll, this occupies her almost inces- 
santly. The queen, when thus engaged, is accompanied by a 
guard of twelve workers, who clear the way before her, and feed 
her when exhausted, always with the utmost courtesy turning 
their faces towards her, and when she rests from her labour, 
approaching her with humility. She “lays workers’ eggs for 
eleven months, and afterwards those which produce drones. 
As soon as this change has taken place, the workers begin to 
constniot royal oolla, in which, without discontinuing to lay the 
drones* eggs, the queen deposits, here and there, about once in 
three days, an egg which is destined to produce a queen. The 
workers* eggs hatch in a few days, and produce little white 
maggots, which immediately open thoir mouths to be fed ; these 
the workers attend to with untiring aasidnity. In six days 
each mag^t fills up its cell, it is then roofed in by the workers, 
spins a ^ken cocoon, and becomes a chrysoUs, and on the 
twenty-first day it comes forth a perfect boo. The drones 
emerge on the twenty-fifth day, and the :iueens on the six- 
teenth.’* 


* ** Familiar Introduction to the Studj of Insects.” By Edward 

Newnoa, F.L.S. 
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PBIMABY BATTERIES. 

Class IV. (continued ), — oeavitt daniells. 

Itr these cells the liquids are kept separated, without the aid 
of any porous partition, by means of the difierent densities of 
the solutions employed. Fig. 26 shows the Callaud cell, and 
Fig. 27 the Lockwood 
coll, both acting on the 
gravity principle. The 
lotrer liquid is in each 
case a saturated solution 
of sulphate of copper, 
and the upper liquid may 
bo either water or sul- 
phate of zinc. In the 
Callaud ooll both zinc 
and copper are in the 
form of cylinders. The 
copper rests upon the 
bottom of the glass jar, 
and has an iasulatod 
wire, Cw+ (Fig. 26), 
passing up through the 
liquids and forming the 
positive pole. The zinc 
cylinder is suspended 

from the rim of the jar ; a wire, Zn — , attached to this cylin- 
der forms the negative pole. The glass jar is about eight inches 
high, the dimensions of the other portions of the cell being 
approximately as shown in Fig. 26. The copper solution 
should be renewed every two or three months, and the zinc 
cylinder cleaned from any copper mud which may have been 
deposited on it. Any loss of liquid due to evaporation should 
bo compensated by the ad- 
dition of water. 

The arrangement of the 
metals in the Lookwood oell 
(Fig. 27) is similar to that 
in the Callaud. The oopper 
is in the form of two wire 
spirals, one of which rests on 
the bottom of the jar and 
supports the other on a wire 
joining their centres. The 
space between these spirals 
is filled with crystals of 
sulphate of copper, and above 
the upper one is a solution 
of sulphate of zino, in which 
is immersed the zino element 
in the form of a wheel with 
spokes. The axis of this 
wheel forms the negative 
pole, whilst an insulated cop- 
per wire passing through the 
liquids and attached to the 
spirals forms the positive one. 

The glass jar is about ton 
inches high, the other dimensions being as shown in Fig. 27. 
A thin layer of oil is floated on the sulphate of zino in order t<) 
cheek the evaporation of the liquid. 

The cells have the same e.m.f. as the ordinary Daniell, and 
a high internal resistance. As compared with other cells, they 
are inexpensive, zinc and sulphate of copper being the only 
materials used up. They are easily made up and easily cleaned. 
On the other hand they are not portable ; in fact, after having 
once been made up they should never be disturbed. Any 
motion of the cell will cause the mixing of the two solutions 
and the consequent deposit of the black oopper mud on the zino. 
Even when the cell is kept stationary this mixing of the liquids 
is not altogether avoided ; they slowly mix by diffusion, and 
hence the necessity for oleunixig the zinc at intervals. In the 
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Lookwood cell the object of the npper copper spiral is to pre> 
rent this diffusion of the liquids, which it doos to some extent, 
but not entirely. This diffusion appears to take place principally 
when the cell is not in use, and it can be partially prevented by 
making the cell send a very small current continuously. For 
a lmrd*worked telegraph line or a central testing station 
these cells may be used with advantage, but thoir compara* 
tively high internal resistance renders them useless for the 
supply of large currents. 

A modification of the Gravity Daniell, known as the tray 
tyjpCy due to Sir William Thomson, has an extremely low in- 
ternal resistance, owing to the large surfaces of the metals 
used and the short distance between thorn. Fig. 28 shows a 
number of those cells arranged in series. A is a wooden tray 



Fig. 28. — THE THOMSON PILE. 


lined inside with lead, on which has been deposited electrically 
a coating of copper, Cu. Into this tray a saturated solution 
of sulphate of copper is poured, and on it rests a layer of 
water or a solution of sulphate of zinc. Zn is a zinc grid 
resting at the corners on four blocks of wood or vitrified 
earthenware, and immersed in the solution of zinc sulphate 
or water. In some forms a piece of parchment separates 
the liquids, but this is not necessary, owing to their different 
densities. The zinc being in the form of a grid, exposes more 
surface for working purposes, and allows the liquid to circu- 
late more freely than if it wore a plain plate. A sheet of 
lead is used in many modifications of the Daniell as the negative 
element, as it becomes coated with copper during the ordinary 
working of the cell, and it is cheaper in the first instance. 
Oonnection is made between the separate colls by means of 
lead strips ; and care must be taken when arranging them 
in piles that they lie horizontally, so as to preserve a uniform 
depth of liquid about each metal. The trays are made about 
twenty inches sqnaro, and the internal resistance may thus be 
reduced to a quarter of an ohm. 

Owing to the large extent of the liquid surface exposed to 
tlie action of the atmosphere in these cells, evaporation is very 
marked. The sulphate of zinc then becomes too concentrated, 
and crystallises on the sides of the trays. The liquid passes up 
by capillary attraction between the crystals and the sides of the 
cell until the whole of the sides have become covered with 
crystals. This creeping of the crystals also takes place down 
the ontside of the cells and forms a kind of syphon which 
draws off the liquid. This action can be partially prevented 
by covering the upper portions of the cells before they, are 
made up with paraffin wax. 

DE LA hue’s BA.TTBHY. 

The metals used in this battery are zinc and silver. The 
zinc, which is the positive element, should be pure, nnamal- 
gamated, and immersed in a solution of chloride of zinc, which 
acts as the aliment. The silver used should bo a thin strip 
surrounded by a stick of fused chloride of silver. Both are 
ooutained in a small cylindrical glass vessel, about four inches 
high and one inch in diameter, the mouth of which is closed 
with a paraffin plug. Fig. 29 shows a battery of ten such cells 
connected up in series, and arranged in a oonvenient form, j 


When in action the zino is burnt np, the chloride of silver 
becomes reduced, and pure metallic silver is deposited on the 
silver strip ; polarisation is thus prevented, a larger surface 
of the negative element is exposed, and the resistance of tho 
cell correspondingly diminished. The e.m.t. of each cell, 
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which is remarkably constant, is 1*046 volt, and the internal 
resistance about 5 ohms. The battery requires no attention, ex- 
cept tho replacing with pure water any liquid which has evapo- 
rated. Owing to tho small size of tho colls a large number of 
them can be placed within a very small space, a property which 
is extremely useful where a portable battery is required for 
testing purposes. 


TECHNICAL DRAWING.~-XXII. 

DRAWING FOR MACHINISTS AND ENGINEERS. 

PROJECTION AND DEVELOPMENT. 

In this plate the projection and development of a cylinder, 
penetrated by two other cylinders at different angles, are shown. 

Fig. 220 is the elevation of the object, of which it is required 
to project the plan. 

Draw a horizontal line in the lower plane, and from A and B 
of tho elevation drop perpendiculars meeting it in A , b' (Fig- 
221) ; then the distance between these two points will bo the 
entire length of the ground covered by the object. 

Now to find the width of tho plan, draw the central line or 
axis in the elevation, c D, and from c an<l D draw perpendicu- 
lars passing through tho lino A' b' in c and d. 

Tho line c d is then tho plan of tho axis. 

At any part of the axis of tho elevation describe a circle equal 
to the true section of the cylinder, and through its centre draw 
c f at right angles to c d. 

On each side of c and d in the plan set off tho length of tho 
radius of the circle, o d', o d" — viz., c cf, c and d i>', d !>". 

Draw c' d' and c" d", which will give tho width of tho straight 
part of the cylinder. 

Now it must be remembered that tho circle drawn at o repre- 
sents the section at right angles to the axis, which for tho 
present purpose is supposed to bo rotated on e /, and this will 
explain the following process : — 

Divide the circle into any numbor of equal parts in tho pointa 
h 'iy length of tho lino joining the 

points, as w w, which are opposite to each other, will represent 
the width of the cylinder at that part as it would bo aeon on 
looking down upon it. 

Therefore, through gr, 7i, i, i, 7c, 7, w, n draw lines parallel to 
the axis of tho cylinder and cutting tho end of the cylinder in 
w' g* h\ i' j\ and k' l\ 

From these points drop perpendiculars passing through the 
plan, and on thorn from the central line, a' b', sot off tho 
lengths of the linos drawn across the circle, measuring from 
the line e f; thus, g' h" and ♦" / in the plan will be the same 
length as the lines g h and i j in tho circle o, etc. I’^ongh 
these points the ellipse is to be drawn, which is the horizontal 
section of the cylinder at this angle, and here seen in plan. 

It is scarcely neotssary to mention that the end on wbloh 


348 


THE TECHNICAL EDUCATOR. 


the cylinder rest* — viz,, A E — ^will be projected in precisely the 
■ame manner, and the same working lines will serve for the one 
end as well as for the other. 

Thus, from the points where the lines drawn through 
w, n, g, h, etc., in the circle o cut the line A e, drop perpen- 
diculars, which, being intersected by horizontals drawn from 
the points corro8i)ondingly lettered in the plan, will give the 
points through which the ellipse of the lower end is to bo 
traced ; one-half of this being Udden when looking down upon 
the object, it is drawn in dots. 

It is now required to project the plan of the cylinder, a H i j, 
which penetrates the original object, and it will at once be 


will give the ellipse representing the plan of the oiroular 
end, H I. 

The projection of the upright cylinder, by which the longest 
one is penetrated, and on which it rests, is obtained in the 
same manner, and it is believed that the student will be able to 
work this without instructions, observing that the plan in tlds 
case is a circle. 

We now proceed to show the method of finding the exa^ 
shape of the sections, or surfaces at which the cylinders touch 
each other at their penetration ; and as all are executed on the 
same principle, it will be sufficient to demonstrate the process 
on one section — that at o p. 


Fig. 

225. 



seen that the line ii s, which is drawn at the widest part of this 
smaller cylinder, intersects D o at right angles in K; there- 
fore, from X drop a pexpendicular which will cut o' x>' and c" d” 
in K' K". 

From a drop a perpendicular cutting a' b' in o', and from the 
points where the lines drawn through m, n and g, h cut o K in 
the elevation, draw x>erpondiculara intersecting the corresponding 
horizontals in the plan, thus obtaining the points through which 
the junction curve, k" q' k', is to be drawn ; the portion l K is 
to be projected in the some manner. 

Now, again, from the points where the lines drawn through 
in n, e^., in the elevation out o x and J x, draw lines parallel 
to L X, cutting H I in several points, left unlettered to test the 
knowledge of the student. IVom these points perpendiculars 
are to be drawn intersecting the hoziiontals in the plan, which 


Fig. 222. — ^Draw the horizontal o' o" equal to the diameter 
of the cylinder. At o draw a perpendicular to P, equal to o p, 
in Fig. 220, and set off on it the lengths b and s — the dis- 
tance of the points at which the lines drawn through % j and 
h I out o P — viz., B, s. Draw lines through B and s paraJlel 
to o' o" (Fig. 222), and make them equal to i j and k I in the 
oirole o (Fig. 220). 

Through o , i, fc, p, I, i, o" draw the half eUipae, which is the 
form of the section at o p in the elevation. 

Fig. 223 is the section at K 0, and Fig. 224 is the section at 
o K and J X. 

Fig. 225.'~-In order to develop the surface of this oylindex^ 
draw a horizontal line, as x x, and a perpendicular, as M' b'. 

Now returning to the elevation, produce the line B B, and 
draw X A at right angles to it. 
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It wUI b 6 666X1 that this addition completes the lower end of 
the cylinderi as if that portion were embedded in the ground- 
plane ; thus the real length of the cylinder is proved to be the 
distance between M and B, and it will be clear that if the 
cylinder stood on u A, the height of each point in the section 
would bo the length of the perpendiculars drawn from them ; 
but they would be further apart than they appear to bo on the 
elova.tion, in which they seem to beoomo closer as they recede 
from the centre lino. 

Therefore, from M' (Fig. 225) set off the divisions h, i, d', 
P, w, fi, and If d'\ h, n, e, measured from the section in 
Fig. 220. 

At each of these points erect perpendiculars. If the circle 
be large it is advisable to divide again, so as to obtain more 
perpendiculars, as shown on the left side of the figure, since by 
this moans the difference between the arcs and the straight 
linos represented by the divisions is diminished. 

Now from in Fig. 225, mark off the length si b, taken from 
Fig. 220, and on each of the perpendiculars mark off the lengths 
of the linos correspondingly lettered in Fig. 220 — viz., measuring 
from A M in Fig. 220, and setting off the distances from the 
line X X in Fig. 225. Now through e, m, d, i, 7c, b', I, y, d, 
hf n, e, draw the curve for the top of the cylinder. 

From each of these points set off the uniform length, B e, all 
the lines in the elevation parallel to b e being of the same 
length. The curvo drawn through these points will be the 
form of the lower end of the cylinder. 

It will be seen that the linos of penetration, n o and o p 
(Fig. 220), cut through the paraUol linos through i, j and fc, I 
in r, 3 and R, s. 

Measure the distance of these points from A M, and set 
them off on tho poriiendiculars in I'ig. 225, as already shown, 
and the curv'cs formed in joining the points will bo tho shape of 
tho aperture which would receive the cylinder on which the 
oblique one rests. 

Tho opening a K J is obtained in the same manner, and is 
drawn half on each side, tho metal or covering of tho cylinder 
being supposed to bo cut open on tho lino e' a. 

Figs. 22G and 227 are tho dovclopmenta of tho smaller 
cylinders, which, being obtained in tho manner just explained, 
require no further comment.* 

MECHANICAL DRAWING {continued). 

THE TEETH OF WHEELS. 

In order to transfer motion or force from one axis to another, 
wheels furnished with teeth are employed, and although the 
mathematical calculations connected with the forms, etc., of 
teeth do not come within tho province of those lessons, the 
method by which those forms are to bo drawn is a necessary 
and important port of our subject. 

If two circular plates, A and b (Fig. 228) were placed so that 
their edges touched each other, and one of them were rotated 
on its axis, it would communicate motion by “ rolling contact'* 
to tho other ; but, of course, wo could never expect very great 
force from such motion. 

Now tho transmission of force is ono of tho conditions of 
machinery ; therefore such moans arc taken as shall enable tho 
wheels, not only to communicate motion, but power as well. 

Ono moment’s reflection will convince tho student, that if 
the edge of a penny bo pressed against that of a farthing, 
whilst the latter is held between the finger and thumb, tho 
farthing will only move round whilst it is being held very 
loosely, because tho edges of both the discs are smooth. If, 
however, a lialf-crown and a sixpence be substituted for the 
former coins, tho additional friction caused by tho milled edges 
will allow of tho sixpence being moved by tho lialf-crown when 
hold much more tightly than tho farthing ; in other words, 
tho projections (or treth) on tho edges of tho discs enable 
them to overcome greater resistance than if they were smooth. 

It is clear, that although A (Fig. 228) would move B when 
their circumferences touched each other, yet if a weight at- 
tached to a cord wore wrapped round the axle, as shown in the 
fi^rc, resistance would be offered, and the edge of A would 
ilide against that of B. 

Let, however, a pin bo inserted at c in A, and another at i) 

• For elementaxy instruction as to development of cylinders and 

their seotions, the student is referred to lessons on ** Projection.'* 


in B, and it is easy to understand that as the one presses 
against tho other during rotation, motion and force will bo 
communicated. 

But these pins could not pass each other, because the points 
of the cirolos on which they are situated would gfraduoUy 
approach until they absolutely touched each other, as at B. 
Tho motion would ^orofore bo stopped altogether, or the pins 
would bo broken off. It is therefore necessary that between 
the teeth spaoos should be out which shall sink into the edge 
of tho disc, as shown at F and G. Then ns tho teeth approach 
each other, the point of tho one enters into tho space next to 
tho other, and thus the action is continued. Tho motions, 
then, of wheels are exactly tho same as tlfose of two circles 
rolling upon each other. 

Tho original circles which roll on each other are called tho 
intcli-circlcs^ and when tho system consists of a wheel and rack 
{a circle rolling on a straight line), tho lino on which tho circle 
rolls is called tho pitch-line. 

Tho great effort of tho engineer in designing the teeth, is to 
enable the wheels to move with an accurately uniform motion t 
tho various forms given, and tho mode of constructing them, 
will form the subject of our study. 

There are various kinds of wheels : tho following aro tho 
most important : — 

Spur-wheels are such as havo their tooth standing out directly 
from tho edge. 

When tho teeth are mado of wood, and inserted separately 



into tho rim, they aro termed cogs, and tho wheel is called a 
cog-wheel — a form much used in miU-work. A sketch of this 
kind of wheel will bo given in a future lesson. 

Face-wheels have thoir cogs or pins placod perpendicularly to 
tho face of tho wheel. 

Crown-wheels have their tooth standing perpendicular to tho 
rim, ns if the teeth had boon first cut on a straight strip, which 
had afterwards been bent round. 

Annular-tvhccls aro such as havo their teeth cut on tho insido 
of tho rim or ring. 

lievel-whccls are portions of cones — tho teeth being cut on 
the slanting surfaco : they aro, in fact, Rpur-whools tho teeth 
of which are on the conical side, instead of the edge. They 
convoy motion when tho axes aro at angles to each other. 
When tho otmes are equal, they aro called m itre-wheels. 

It is SOUK times convenient that tho axes of bovel-wheela 
should pass close to each other without intersecting ; tho teeth 
have then a peculiar form, and tho wheels aro called skew^ 
bevels. 

Tho curves generally used for tho form of the teeth are tho 
cycloid, tho epicycloid, and the hypocycloid — the construction 
of which will be fully described in “Practical Geometry aiipliod 
to Linear Drawing.” It will, therefore, only bo necessary hero 
to remind tho student that tho cycloid is traced by any point 
in a circle whilst rolling along in a straight line; that the 
epicycloid is traced to a point in a circle rolling against the 
edge of another circle; and tho hypocycloid is tho curvo traced 
by any point in a circle rolling round the inner side of the 
circumference of another circle. 

The circle which forms the curve is called tho generating 
circle. When tho diameter of the generating circle is equal 
to tho radius of the circle in which it rolls, the hypocycloid 
becomes a straight lino : this will bo referred to hereafter. 
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OPTICAL INSTRUMENTS.— V. 

BY EAMUEL HIGHLEY, F.Q.S. 

SPECTACLES FOU THE PRESBYOPIC {coniinued). 

The following table, drawn np by Bonders from carefully 
recorded etatistics, may prove of servioo to the optician oa a 
guide to what glasses are required at difTeront ages in emmo- 
tropia, with normal acutonesH of vision, and accommodation for 
writing and for reading ordinary typo 


Glasses REquxarr. 





Bistanco 



Aon. 

In Present. 

E. 

e 

In Original. 
E.‘ 

1 of Distinct 
j Vision . 

1 

Far Point. 

Near Point. 




Inches. 

Inches. 1 

1 Inches. 

48 

l-flOfh 

1-GOth 

14 

60 

10 

bO 

1 -40111 

l-40th 

14 

40 

12 



1.28th 

14 

30 


58 

1.22nd 

l-20th 

1.3 

22 

12 

60 

1-1 6th 

1-lflth 

13 

18 

22 

62 

l-14tli 

1.12th 

13 

14 

12 

65 

1.13tli 

MOth 

12 


11 

70 

1-lOtU 

1.7-5th 

10 

10 

10 

75 

1.9th 

1-0 vMh 

9 

9 

9 

78 

1.8th 

l-5-5th 


8 

8 


l-7th 

1-4 -Sth 


7 

7 


Wo have said that presbyopia occurs not only in the emme* 
tropio eye (Fig. 6, page ICO), but also in the hypermetropic 
(Fig. 8), and in tho myopic (Fig. 10), that is, if we adopt 
Bonders* standard noar-point at 8 inches. 

Thus, if with the convex glass which neutralises the hyperme- 
tropia (that is, renders tho hypermetropic eye capable of uniting 
parallel and divergent rays upon the retina), tho noar-point lies 
at 12 inches, the patient is not only hypermetropic, but al.so 
presbyopic, and ho will requin^ two ditferont j)airs of convex 
spectacles — one ijair to enable him to see from 12 inches to 
infinity, and another stronger pair, which will bring his near- 
point nearer than 12 inches. 

Or should tho patient possess a myopia (his far-point 
lying at 10 inches from the oyo), and we tind his near-point lies 
at 12 inches ; then ho is not only short-sighted, but long-sighted , 
also. His myopia - his presbyopia (as shown above) - - 1 

The opinion of oculists is divided as to tho proper time cm- 
motropics should begin to uso spcctiiclns. On tho one hand, 
it is a'^sertod that tho employment of convex glasses should be 
deferred as long as possible ; and to this prejudice tho vanity 
of human nature i.s too ready to give support, tho adoption cf 
flpcetaoU‘8 being in such cases regarded as an outward visibio 
sign of au inward material decay — of tho advent of ago. But 
must it not bo regardijd as folly to unnoocssarily weary both 
eyes and brain, in guessing, with much trouble, at letters, 
stitches in needlework, etc., wliicli could bo seen ^stinctly by 
tho aid of spectacles ? 

But, on the other hand, an opposite error of judgment pre- 
vails, viz., that, by recommending the early employment of 
weak Bpectacles, the power of vision may bo preserved ; hence 
such terms ns “preservers,” “conservative spectacles,” in 
eonnootion with which may bo noted tho introduction of 

amber glasses,” “ tinted spoctaclos ” (light yellow, pink, or 
blue glasses), ct hoc genua omne. In connection with tho 
latter, tho following caution may be given — viz., that most per- 
sons are ready to employ them, on account of thoir agreeable, 
soothing influence ; but we must remember that coloured, even 
but slightly-tinted glasses, withhold from the retina tho ordinary 
stimulus of w'hite light, so that its sensibility is abnormally 
increased, and thus they create a permanent necessity for their 
constant use. It need hardly be said that a more than normal 
sensibility in tho retina is an inconvenience, which, moreover, 

) predetermines to disease. The common sense of the question 
seems to be, that so long as the eye does not err, and remams 
free from fati^pie in the work required of it, its own power ic 
) sufficient, and it is inexpedient to seek unnooessary assistanoo 
from convex glasses. On the contrary, as soon as the eye begins 
to feel teased by the every-day work required of it, the aid of 
the optician, or the advice of the oculist, should be sought. 

^ This will he refmed to under tmtment of SytmriMtropia aequmia. 


Another question arises. After coxnmenoing tho use of 
spectacles, how often ought the sights to be changed P Tho 
answer is : As slowly as possible ; for every advance is, as it were, 
a milestone passed on tiie road to virtual blindness — ^that is to 
say, were the rate of change too rapid, and the person liv^ to \ 
an advanced age, a point might bo arrived at when the optician* s 
resources would be exhausted, and then tho dimmed sight could 
no longer bo aided, for the deepest lens would have been passed, 
and found to fail with increasing years. 

Tho proper course is to use the weakest spectacles tliat will 
give tho desired assistance, only in the evening, and to keep 
these for day spoctacles so soon os stronger glasses are ro- ^ 
qnired for evening work ; and so with every change, tho weaker 
glasses being used for day, the new and stronger glasses for the 
evening. Moreover, the weaker glasses should be used for 
writing, while the stronger ore reserved for reading; for tho 
reason that tlie wearer can see with them at a greater distance, 
and to avoid the bent position for writing which becomes a 
custom with tho short-sighted — a position injurious to tho eyes, 
as it tends to throw the blood to the head, and so congest them. 

And hero it may be noted that should a person apply to his 
optician for on increase in the power of his glosses, at shorter 
intervals than is usual, and a rapid increase in his presbyopia 
is really observed, this may bo suspected as a premonitory 
symptom of “ glaucoma,** especially if a greenish opacity behind 
the pupil is noticeable ; in such case tho person cannot bo too 
quickly sent to the ophthalmic surgeon, for the threOftoned 
disease is of a formidable nature. 

Contrary to what might be expected, persons who are occupied 
almost tho whole day in reading, writing, or other close work 
— even such as that of watchmaking and engraving — who are 
obliged to employ a magnifier, or as mioroscopists, do not essen- 
tially injure their eyes, nor does their range of accommodation 
diminish scarcely, if at all, more rapidly than it does in sailors, 
agriculturists, and others, who, for tho most part, look at dis- 
tant objects. At least, this holds good with emmetropics, and 
even those disposed to myopia; though much reading or writing 
tends to make them more short-sighted, yot such occupations 
have no influence on their range of accommodation. 

But there are morbid conditions which cause tho range of 
accommodation, and sometimes also tlio amount of : 
to diminish more rapidly ilian usual, such os general debility 
(tho result of exhausting disease), premature old age, and gJati- 
coiiia previously referred to. In all such (iasea, the oiiticiaii 
should only supply spoctacles under the guidance of the oplithal- 
mic surgeon. 

In many instances tho optician will bo called on to ada pt- 
glasses to moot tho roquireoouts of the calling of his customer. 
Some occupations, such as minute drawing, engraving, watch- 
work, minute anatomical dissections, and microscopical mount- 
ing, require the constant use of tho magnifying glass. In other 
work the eye, even with normal acuteness of vision, must at 
least be still accommodated for distances from 4 to C inches. 
In such cases convex glasses become a necessity, to render per- 
manent accommodation for such distances possible. In otiicr 
cases, the work must bo performed at definite distances, such 
as, in writing in large registers, reading in tho pulpit or in the 
orchestra, in the use of certain musical instruments, etc. It is 
often desirable to bring tho distance of distinct vision to 
18 inches, or 2 feet; so weaker glasses are necessary where, 
in the former cases, stronger ones would be required than 
would bo given for reading or writing. Guided by sound 
principles and practical expericnoo, tho optician soon finds what 
spectacles meet tho special requirements of each case. 


THE STEAM-ENGINE,— V. 

stham-pipes — the cylinder — principle op ALTERNATR 

MOTION — THE PISTON AND BOD — PACKING OP Tr.H 
PISTON. 

Having now mastered the mysteries of the boiler and its Tarions 
appendages, we must turn our attention to the mechanism and 
construction of the engine itself. This, as we have explained, 
may bo, and often is, entirely separate from the boiler, yet with- 
out it the engine is of no nse. Tho boiler may be regarded os 
the part of the machinery where the power is genecrated, and tho 
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tbe pipe to that of the face-platee, so that they are hidden, and 
the pipe appears to be of uniform size throughout. The steam- 
pipe usually loads direct to the cylinder, and it always has a 
valve in it near this point, by means of which the stoam can 
be shut off when wo wish to stop the engine. Besides this, 
there is a valve placed just where the pipe loaves the boiler, 
BO as to shut off steam there in case of any injury to the first 
valve or the pipe ; and in addition to those there is 
usually a “ throttle-valve ’ ’ in the pipe, which is moved 
by the governor balls, and serves to regulate the 
supply of steam iu accordance with the requiremoTits 
of tile engine, as will be fuUy shown hereafter. 

The amount of force existing iu the steam will, by a 
moment’s consideration, be seen to bo very great 
indeed. As already explained, a cubio inch of water 
when converted into steam occupies at the pressure 
of the air very nearly a cubio foot — that is, it expands 
1,700 times. In doing this, it has to overcome the 
pressure of the air, and therefore exerts a pressure 
equivalent to raising a weight of 15 pounds to a 
height of 1,700 inches. This will bo more clearly 
seen if we imagine our t;ubic inch of water to bo 
placed at the bottom of a tube of indefinite length, 
having a sectional area of exactly one inch, and to 
liavo above it a piston, fitting the tube air-tight, but 
supposed to be without weight, and to move without 
friction (Fig. 22). Now the air presses with a force 
of 15 pounds on a sqnaro inch, and os this is the 
area of oiir tube, wo may regard the water as pressed Pig. 22. 
upon by a single weight of 1.5 pounds. Now lot the 
water bo gradually oonvorted into stctam, the piston will rise 
till it attains an elevation of 1,700 inches, or 142 feet nearly, 
all the time resisting the pressure of the air, which is equivalent 
I to lifting a weight of 15 pounds. This, then, is the work accoin- 
X>liBhed by the evaporation of one cubic inch of water 1 5 
1 pounds raised 112 feet, or 142 x 15, that is 2,130 iionnds raised 
one foot high. To remember this wo may express it in the 
foUow'ing statonient, which can easily bo borne in mind : — 

The force produced by the evaporation of a cubic inch of 
water is sufficient to raise a weight of nearly one ton to a height 
of ono foot. 

Only a small portion of this force is utilised in any engine at 
f jircscnt constn.ict.nd ; but wo must now see how this ijortion iu 
j utilised in the ordinary forms. Various plans for driving 

In the boiler wo have a continxial production of steam at a i machinery by means of this foreo have been suggested and 
high pressure, which will find its way into tiio air as soon as j tried: some have let the steam, as it issues from a jet, strike 
any escape is provided for it. The iirst thing, then, i.s to J against a set of vanes, and thus impart motion to them ; others 
conduct this oteara to the engine. For this purpose a pipe j have suggested the employment of a wheel similar in eoustnic- 
siarts from inside the boiler, an-;l passes through it and on tion to that used in tho water turbine ; but the only yilan that 
to tho engine. Tho mouth of this pipe is usually placed in tho has come into nso has hoon tho employment of a cylinder with 
upper part of tho steam-cheat, or, failing this, as near the top of a piston moving up and down in it. 

the boiler as possible, so as to guard against tho fine spray, which | The cylinder consists of a strong cast-iron tube of largo tlimen- 
is produced by tho rapid ebullition, entering tho pipe with tho 
steam, and being deposited in it or in tho various jiarts of 
the engine. Much care is required in arranging for this, as 
otherwise excessive condensation of water, technically called 
“priming,’’ will bo produced, causing much inconvenience and 
loss of power. 

Wrought-iron piping is usually employed for the passage of 
tho steam, and it should bo of sufficient diameter not to impede 
the passage of the steam, since that would cause a material 
diminution in tho pressure. Tliis piping has to bo very carefully 
mode, and tested for strength. At the ends of each piece are 
flanges with boh-holes drilled through them, and their faces 
aro turned so os to be nearly true. When two pieces are to bo 
joined together, some hemp packing, well smeared with red lead, 
is laid spirally on ono face, the other is then brought up against 
it, bolts are passed through the holes, and the nuts are firmly 
screwed on (Fig. 21). The joint thus produced will last in- 
definitely, and if carefully made is perfectly steam-tight. Other 
kinds of packing ore sometimes employed in place ot hemp and 
zed lead. 

When the engine is at any distance from tho boilers, and 
the steam has therefore to travel along many feet of piping, 
there is a considerable loss of heat by radiation from the pipe. 

To guard against this it is nearly always packed with straw, 
or covered with wood, felt, or some other non-oonduoting mate- 
riaL Very frequently this ** lagging'* brings up tho (size of 


sions and of considerable thickness. 

Its size varies with tho power of tho 
engine ; but it is usually about half as 
long again as its diameter. Its interior 
'surface is bored or turned %vith great 
care, so as to be perfectly cyliiidricol 
and of uniform diameter tlirougliout ; 
it should also be free from flaws. 

Covers or caps are firmly bolted on to 
each end, tho joints being packed so 
as to bo perfectly steam-tight, and 
suitable apertures aro made near tho 
end to provide for the ingress and 
egress of tho steam. As it has to 
withstand tho pressure of tho steam 
and tho jarring of tho piston, this 
cylinder must be firmly and strongly 
made. 

Inside this there is a piston which can move up or down, but 
fits steam-tight. It is likewise oomposed of metal, and is 
virtually a disc of considerable thiokness firmly attached to the 
piston-rod, which moves through an opening provided for it in 
the upper cover. We can now understand, by reference to 
Fig. 23, the manner in which this piston is driven by the atoam. 

Let us first of all suppose that the piston is of oonsiderable 
weight, and is nearly at the bottom of the cylinder, which 



engine as that portion where this power is brought under control 
and made to accomplish the ends we desire. 

In locomotives and portable engines tho two are usually com- 
bined, the various parts of the engine being securely fastened 
to tho boiler itself or the framework which supports it ; but 
this is done merely as a matter of oonvcnience. In large manu- 
factories, whore much machinery is employed, the boilers are 
almost universally separate, and often at a distance from the 
engines to whiJi they supply steam; and this is tho most 
general plan. There are usually several boilers placed close 
togeth and they may be employed cither singly or together ; 
RO that in case of any ono requiring repair, steam may still bo 
generated in the rest, and no stoppage of tho machinery is caused. 

Several engines aro often driven from one set of boilers. In 
many cases, indeed, a small engine is attached to the machine 
’’it is to drive, and is made a part of it, and a small steam-pipe 
Is then connected to it. This is often found to answer better 
than driving tho machine from tho ordinary shafting, and has, 
besides, .another advantage — viz., that if flexible steam-piping 
bo employed, tiie machine may easily be shifted from place to 
place Without altering the connections. In the case of pumps, 
this is frequently found to be a very great convenience. Cranes, 
centrifugal dr 3 ring machines, and various other small machines, 
aro frequently thus fitted with an engine of their own. 

It will, however, bo muoli bettor to defer tho consideration 
of those special engines for tho present, and first of aU to inquire 
?jarofuUy into the construction and action of tho various parts 
of some simple form of engine ; and, 
having done this, tho various modifications 
introduced will then be far more easily 
understood. 

We will therefore inquire in this way 
into the principle of the most common 
form of engine, such as may frequently 
bo scon in any largo factory, and is known 
as a “ low-pressure beam engine.” 

Various lines of shafting run along tlie 
different floors of tho building, all of which 
aro sot in motion from the engine. All tho 
various machines are then driven from this 
shafting, pulleys or sheaves being fixed at 
various intervals along it, over which 
straps pass to tho different driving-pulleys 
of tiio machines. 
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{a no arranged that it cannot q^te rest in contact with it. 
The steam from the steam-pipe is now allowed to enter the 
lower end of the cylinder, through the port B. Its pressure at 
once oYeroomes the weight of a and the pressure of the air on 
its upper surface, and raises it to the top of the cylinder, the 
air which previously occupied that space being driven out 
through D. 

If now the steam be shut off, and the pipe removed, or, 
simpler still, if a second opening be provided, the weight of the 
piston will drive out the steam into the air, and force the 
piston down again to the bottom. 

The steam may then bo ro-admittod, and the piston will be 
driven up again as before, and in this way an alternating move- 
ment of the piston-rod is obtained, which may cosily be con- 
verted into one of rotation. This, then, is the simple principle 
of the engine, and, as will at once bo soon, the chief difficulty 
here would bo to provide some means for making the lower 
part of the cylinder communicate altornatoly with the steam- 
pipe and with the air. This may, however, be easily accom- 
plished by means of a two-way cook, as shown in h'igs. 24 and 
25. In each figure o roprosonta the pipe communicating with 
the lower part of the cylinder, and s the steam-pipe, wliile A is 
open to the air. The passage through the plug of the cock is 
curved, as bcou in the section, and when in the position sliown 
in Fig. 24, a direct path is oixjiiod for the steam to pass into 
the oi'lindor, while all communication with the air is cut off. 
When the piston roaches the top, the tap is turned one-fourth 
of a revolution, to the position shown in Fig. 25 ; the steam is 
thus cut off, and that already in the cylinder can escape 
through A into the air. 

In this, which is tlio simplest form of engine, there are 
many important defects which have subsequently boon to a 
greater or leas extent overcome. The pressure of the air, it 

C C 


Fig. 24. 





will bo ob.gorvod, obstructs materially the upward progress of 
the piston, since it presses on every square inch of its surface 
with a i)reaHuro of fifteen pounds. It does not, however, aid in 
driving it down, since when the piston is descending, both sides 
are equally exposed to its pressure. There is, therefore, in this { 
way a very groat loss of power. This is almost entirely j 
avoided when a condonsor is used. Tlio steam then, instead of 
issuing into the air, is allowed to pass into an exhausted vessel, 
in which it is oondeiisod into water, and a vacuum thereby pro- 
duced. The pressure of the air then impedes the ascent of the 
piston as much os before , but, since there is a vacuum in the 
lower end of the cylinder, it aids the descent in almost the same 
degree, and thus, on the whole, there is little loss. 

Another disadvantage of this form of engine is, that its 
aotion is very uneven. The piston is driven by the force of the 
steam to the upper end of the cylinder, wliilo the return is 
acccimplishod merely by its own weight, or any weight with 
whndi it may bo loaded. In some cases, howovor, this is not 
nearly so groat a drawback as in others. 

In a pumpipg-eugino, for example, the whole strain is when 
the pump-rods arc being raised, their own weight being suffi- 
cient to carry them down again. A single-acting engine is, 
therefore, employed for this purpose ; the piston is, howovor, 
usually forced from the top to the bottom of the cylinder, the 
pump-rods being attached to the other end of the beam, so 
that the water is raised while the jiiston is desceinling. In a 
future paper we shall introduce an illustration of this engine, 
and enter into the details ot its construction. 

If wo return now to our original cylinder (Fig. 23), we shall 
easily see that, if by any means we cau.so the steam to enter 
alternately at the iip^icr and lower ports — the other port, in 
cither case, being in communication with the air — wo can 
make n donble-aotiug engine, the piston being now driven in 
each direction, instead of in one only as in tlio former case. By 
uiing a four-way cook this may easily bo done, and wo shail 


thus have a model showing the principle of the donble-aotlng 
engine. The student will from this understand the principle 
on which the steam-engine acts, and we can therefore tom 
our attention now to the construotion of the piston and 
piston-rod, and the manner in which the supply of the 
to either end of the cylinder is regulated. 

The piston is 
usually made 
either of cast-iron 
or brass, the latter 
being preferred, as 
it is lighter and 
does not so easily 
break. Bound the 
edge of the disc a 
deep groove was 
formerly turned, 
which was com- 
pletely filled with 
woll-lubricatod 
packing. Tlie piston was then made in pieces, and the top disc 
attached to the reao by screws. By tightening these the 
packing was compro}i:''ed and forced against the sides of the 
cylinder, so that the steam could not pass j at the same timo 
the undue wear of the piston or cylinder was prevented. Fig. 
2G will explain this mode of construction. 

In practice, however, it is found that pistons packed in this 
way are far from durable, and much inconvenience is often 
caused by their getting out of order. They have, therefore, 
almost entirely given place to those which maintain stoam- 
tight contact without imcking, and are known as metallic 
pistons. In these there is a very great variety in the mode of 
construction, though the principle on which they all act is 
essentially the same. 

The groove round the piston, instead of being curved, is 
rectangular in section, and contains, in place of the hemp, two 
or mf)ro packing rings, which arc usually made of brass. These 
are flat rings, having the same external diameter as the piston ; 
they are made in several segments, the ends sometimes being 
tongued and grooved to keep them in position. The joints in 
eacii ring are so arranged ns to be intermediate to those in the 
others. Strong steel springs are then placed in the piston, in 
such a way as constantly to force the segmenta of those discs 
outwards, and the result is that they press against the interior 
of the cylinder, and become gradually worn, so as exactly to fit 
it, and as the pressure is uniform and the surfaces well lubri- 
cated, there is not much wear or friction. In Fig. 27 we have 
a cross-section of a piston of this kind. There are two pacliing 
rings, each of which is divided into two segments, as shown. 
Inside those is a thin steel ring, and then come the springs, of 
which there are five. These are made of strong stool, and may 
bo tightened by the screws, which are seen behind them. 

Hstoiis packed in this manner are found to last a long time 
without showing signs of wear, and may usually bo easily re- 
paired. The points required in any form of packing are perfect 
contact at all jiarts, so that no steam may pass by, and, on the 
other hand, not so strong a pressure against the sides as noed- 
i Icssly to increase the friction ; and 
j this medium may easily be obtoined 
by properly adjusting the screws. 

The piston-rod is frequently made 
with a flat disc firmly welded to its 
end. The piston then has a hole 
drilled through it to admit the rod, 

I and its base is countersunk, to make 
j room for the disc. When it is 
slipiiod on the rod, and is in its 
j place, a pin is put through the 
piston odgeway and holds both 
I firmly together. 

In other forms the lower end of tbo rod is made somewbat 
, larger and tapering, so that when in its place it fits firmly, and, 
j as in tho former cose, is kept from slipping by a pin driven 
through both, as shown at a in Fig. 26. 

In locomotive pistons, and other cases, where the diameter is 
, comparatively small, tho piston and its rod are not unfrequently 
j made in one piece, and all fear of their becoming loosooed by 
I the alternating prossnro is thus avoided. 
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OPTICAL INSTRUMENTS.— VL 

BY SAMUEL HIQHLST, P.Q.B., ETC. 

SPECTACLES POE THE MYOPIC. 

In soleotinff BpectacloB for the myopic, great care ia neoeBsary, 
as, on account of the morbidly distended condition of the eye- 
ball, and of the tendency to get worse, unsuitable glasses might 
prove very dangerous. In some cases the myopia is so slight, 
that persons are not aware (os previously stated) that they are 
leally Bhort-sighted. On directing them to look at the distance- 
test, a decided improvement in 


In dotennining the range of accommodation in the myopic 
eye by Von Groefo’s optometer, as previously described, we 
found in the case stated that the amount of 


Now, what glasses would be required to enable the patient to 
see distant objects ? By the 6-inoh convex of the optometez we 
have change 1 his eye into a very myopic one — in foot, into a 
myopia of I ; for we should have to place a concave of 5 inches 

focus before the convex of 6 


their Bight is admitted, on their 
trying slight concave glasses 
of 60 or 60 inches focus. 

The detection of myopia, as 
a rule, is not difficult. It might 
be confounded with that weak- 
ness of sight termed amblyopia, 
for amblyopic persons, in order 
to obtain larger retinal images, 
hold small objoots very near to 
the eye. How can wo distin- 

whethor the patient is myopic or amblyopic P If ho cannot 
(like short-sighted persons) distinguish very small objoots, or 
if ooncavo glasses, through dizainishing the size of the retinal 
imago too much, impair rather than improve his sight ; and, 
further, if he can see test typo No, II. at five inches’ distance, 
and can soo type double that size at twice that distance ; then 


number six- 
teen of Jager 


inches foous to enable it to 
see a distant object, for this 
concave lens would render 
parallel rays as divergent as 
if they oamo from 6 inches 
distance. In order to find the 
proper concave glass for dis- 
tance, wo deduct concave 6 
from convex 6 — 

111 
6 5 ~ 

Honoo the suitable concave glass will bo No. 30. 

Wo have thus theoretically found the proper glass ; but, on 
oooount of the oonvergenoe of the optic axes preventing the 
eyes from accommodating themselves for the fav-point (only 
attainable when wo look at distant objects vrith parallel optic 
axes), we should probably find in practice that this would prove 


Trent 


ho is amhlyopic, for in this case the retinal images increase in 
l)roportion to the size of the print, and all the weak-sighted 
require is large retinal images ; whereas in myopia it is dif- 
ferent, for although tho short-sighted see largo typo further 
than small, the proi^ortion between the distance and size of the 
])rint is far less. If, with a suitable concave lens, a person 

complaining of short-sighted- 

ness can read tjrpo of tho size 
shown in the words “ number 
eighteen” in this page, and 
tho words “ number sixteen of 
.riiger,” at tho same distance 
as tho normal eye — viz., 20 
foot — then he is simply myopic. 

If, however, vith tho most 
carefully selooted glasses he can 
only read tho word “Trent” 
in this page at the distance 
of 20 foot, then it is a ease 
of myopia complicated with 

amblyopia, and the less the 

concave glasses correct, tho 

greater is the degree of co-existing amblyopia, and irice vera/t. 

We must be careful not to jump to tho conclusion, that 
l:)eoauso a person cannot see well at a distance, bo must of 
necessity be myopic ; for he may be hypermetropic, in which 
owe convex, and not concave lezisea will be required to render 
distant objects clearly discernible. 

In extreme oases of myopia, due to lengthening of the eye- 
ball, sclerotwo^horoiditia posterior is almost always present, 
and, according to Von Groefe, if the far-point lies nearer than 
5 inoh^ from tho eye (the myopia beizig gp^tor than |), then 
octerotico-choroiditis posterior is present, and this dangerous 
<^omplioation requires medical treatment. 

23 '“N.e. 


too strong ; for it is a rule that wo should give tho weakest 
concave spectacles with which tho patient can soo clearly and 
distinctly at a distance, so that ho may only make use of a 
minimum of his power of accommodation, and not have to strain 
it unduly when observing near objeota ; for wo must remember 
that ho will but seldom have to look for any length of time at a 

distance, but at near and dis- 
tant objects alternately. Wo 
therefore lot him look at the 
distance-test at 20 ft. distance, 
and find that bo can distin- 
guish it perfectly. We now 
alternately place very weak 
concave and convex glasses 
before tho spectacles, and note 
their effect. If the convex 
improves his vision, tho spec- 
tacles theoretically seloctocl 
are too strong, and we muss 
give glasses of lower number. 
Should the concave improve 
vision, tho selected glasses aro 
too weak. But if neither convex nor concave effect any improve- 
ment, the spectacles that theory indicated suit exactly. 

By thus assisting myopes in seeing distant objects wo change 
their eyes into normal ones, for we enable them to bring parallel 
rays to a foous upon tbe retina (soo D, Fig. 2, page 111). We 
can also a(lvantagoou.sly assist the myopic in seeing things at a 
short distance, such as reading a sermon, lecture, music, etc., 
at a few feet distance : as, for instance, a person wishing to 
see music, while playing on a musical instrument, say at 2 
feet distance. Say, for objects at an infinite distance he is 
using concave spectaolea of 12 inches focus. As his myopia 
equals about then — 


number 

eighteen 
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Henoo coucavo 24 will enable him to read musio at 2 feet ; 
digtanoo. It i«, however, a much debated question whether 
Bhort*Bighted persons should bo allowed to wear spectadea for i 
reading, writing, etc. ; but Bonders, one of the greatest autho- 
rities on the treatment of defective vision by means of speo- 
iaoles, considers on physiological and pathological grounds that 
their use is advisable, except under circumstances presently to 
be named — ^that their employment is to be strongly recom- 
mended. In the first instance it is advisable to give the patient 
weaker glasses for reading than for distant objects ; but if his 
accommodation bo good, it is better, at a later period, to give 
him spectacles that will completely neutralise his myopia. In 
the same way, as in the previous case, wo have to determine 
what glasses will meet the roqturements of a short-sighted 
person who wishes to read at a distance of 12 inches. If his 
myopia — J, then — . 

1 a. 1 1 . 

o' 12 “ ^ 12 ' 

and we give him No. 12 concaves. For the reason j^roviously 
given, somewhat weaker glasses are desirable. 

We should warn such patients against bringing a book close 
to the eyes, on feeling fatigued from reading. Instead of putting 
it down, they bring it nearer to the eyes, in order to obtain 
greater retinal images, and thus strain and tax their power of 
accommodation too much ; and if this is made a practice, it 
win increase their short-sightedness. Again, the same person 
should be supplied with weaker glasses for writing, if there be 
a tendency to congestion of the head, so that the injurious 
results of a stooping position may bo avoided. 

When a myopic person complains of fatigue, and that after 
reading without glasses for a short time the loiters become con- 
fused, blurred, and appear to run into one another, with pain in 
and around the orbit {A8then<ypia — see Biplopia, page 160), 
then the use of suitable concaves for near objects is indicated. 
This kind of weakness of sight is espooially felt after reading, 
writing, etc., in a gloomy place or by artificial light ; and to 
ease the fatigue, the person so affected involuntarily rubs his 
hands over his forohe^ and eyelids. After a few minutes* rest 
he once more sees distinctly, but the same annoyance again 
occurs, only more rapidly than before. The longer the rest 
given, the longer can work bo continued. Asa rule, however, 
it will (according to the experience of Bonders) bo found that 
bypermotropia is at the bottom of this affection, and then 
convex (not concave) lenses must be employed in the ultimate 
euro. Asthenopia proceeds from fatigue of the muscular 
system of accommodation. 

Myopes should further be warned against anything that tends 
to produce strong convergence, or writing, or making rectilinear 
drawings on a horizontal surface, to which end a high and I 
greatly inclined desk should bo used ; and they should' bo ad- 
vised to road with the book in the hand. Erametropio and 
hypermetropic do not suffer injury as quickly as myopic eyes 
from the use of unsuitable glasses. It is better to use glasses 
tliat ore rather too weak, or no glasses, than such as are too 
strong, for strong glasses make hypermetropic eyes myopic, and 
myopic eyes hypormotropir. As a rule, it is much leas injurious 
to produce a certain degree of myopia than of bypermotropia, as 
in the latter case much is required of the nccominodativo power ; 
so in myopia wo must beware of glasses that are too strong ; in 
hypormotropla, those that are too weak. But wo must recollect 
that every rule has its exceptions, and all the circumstances 
ooniioctod with each particular case, which can exercise an in- 
fiaonce on the choice of spectacles, must bo duly considered. 

Myopia is most prevalent in civilised countries, and, as a rule, 
iu their most cultivated ranks ; and while, on the one hand, it 
is often horoditaay, on the other, its foundation is too often laid 
in schools — more particularly boarding-schools, where by bad 
lights the pupils read bod print in the evening, or write with 
pale ink — and so developed in early life. The causes which 
give rise to myopia are still more favourable to its further 
development. A near-sighted eye is not a sound eye ; its defect 
is not dependent upon a simple anomaly of refraction, but upon 
anatomical and pathological causes, which may be progressive in 
character, and so constitute a true disease of the eye. The 
higher the degree of the myopia, the less is it likely to remain 


stationary. In youth' almost every myopia is progressive, and 
is then often accompanied with symptoms of irritation. This 
is the critioal period of the myopic eye. If the myopia does not 
increase too muoh, it may become stationa/ry, and may oven 
decrease in advanced age ; if developed in a high degree, it is 
subsequently dififioult to set bounds to it — ^it may become tempo- 
rarily progressive or permanently progressive. Every progressivo 
myopia is threatening with respect to the future ; so that by 
the age of fifty or sixty, if not much earlier, the power of vision 
may irrevocably be lost, either through separation of the retina 
from the choroid, from effusion of blood, or from atrophy and 
degeneration of the yellow spot. On the advent of myopia in 
youth, all promoting causes should be oarefully avoided, and its 
rate of progress oarefully watched by the oculist. 

SPECTACLES POE THE HYPEBMETEOPIC. 

In myopia, through the state of refraction being too great, or 
the optio axis being too long (see Fig. 10, p^e 160), parallel 
rays are brought to a focus heifore the retina when the eye is in 
a state of rest ; in bypermotropia we have just the reverse of 
this (see Fig. 8, page 160), and through the refractive power, 
being too low, parallel rays are brought to a focus behind the 
retina, which defect we correct by means of a concave lens 
suited to the degree of hypermetropia, so as to give the slightly 
divergent, almost parallel rays, emanating from distant objects, 
a convergent direction, and bring them to a focus on the retina. 

In some cases stronger spectacles may be required for near 
objects also. 'We need not foel surprise that hypermotropios 
are often not aware that they see distant objects worse than 
other people, whereas they would soon discover any deficiency 
of sight that would affect their capacity in reading and writing. 
A hypermetropic patient usually complains that after ho has 
been reading or writing for some time the letters become ill- 
defined, and appear to run into each other, while at a distance, 
he says, ho can see perfectly. Tho other usual indications of 
this defect have been previously given. All hypermetropies 
with a fair amount of accommo^tion habitually expend a 
portion of this, to compensate more or less for the deficient 
refractive power of the eye. Tho function of accommodation, 
which by normal eyos is only employed for near objects, is thus 
by hypermetropic eyes partially, or even nearly exclusively, 
used for distant ones, which accounts for suoh persons fre- 
quently being unaware of this defect, as previously stated. 
The proper (jorrcctive convex glass can only bo found by trial 
on tho distance-tost. 

Wo may thus determine the manifest^ and then by degrees 
ascertain and correct tho latent hypermetropia ; but os the most 
efficient method of determining this is by completely par.alysing 
tho power of voluntary accommodation by tho application of 
a strong solution of atropine, it is palpable that this defect, 
when once diagnosed, must pass out of the lionds of tho optician 
into those of tho ophthalmic surgeon. The patient’s power of 
neutralising his hypermetropia being thus destroyed, his vision 
will be found to bo materially deteriorated, but may again be 
restored by a convex glass of higher power than that required 
previous to tho paralysis of accommodation. 

SPECTACLES FOE EYES OP DIFFEEENT FOCI. 

As a rule, there is, in all resiiocts, groat symmetry between 
tho right and the left eye ; but occasionally there is to be found 
a great difference botwoon the refractive power of the two eyes. 
We should, therefore, always tost each eye separately as to its 
acuteness of vision, range of accommodation, and state of re- 
fraction. All imaginable combinations of refraction ocenr : with 
emmetropia in one eye there may bo myopia or liypormotropia 
in the other; liypcrmctropia or myopia may occur in very 
different degrees in the two eyes ; or the one eye may bo myopic, 
tho other hypermetropic. "V^en astigmatism occurs in one eye 
only, as a rule it will bo found that in other respects harmony 
of refraction exists on both sides ; that is, with hyi^ermef/ropia 
on one side, the astigmatism in tho other will bo hypermetropic ; 
j with myopia in tho right, there will be myopic astigmatism in 
tho left; with emmetropia, the astigmatism is mixed. With 
; difference of refraction we may find binocular vision — vision 
I with each of the eyes alternately — or constant exclusion of the 
one eye. 

: When binocular vision is present, at any distance, onr aim 

must be to maintain this, and, if possible, to extend it over a 
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greater region. In the choice of glasses, where a difference of 
refraction between the two eyes exists, we allow the eye with 
least acute vision to remain subordinate to tlie stronger one, 
for which we supply the weaker glass, should it be advisable to 
grive lenses of different foci. 

It is a popular belief that when two eyes differ, as a matter 
of course glasses of different foci must bo necessary ; but in 
practice this by no means follows, for it is only when extreme 
difference between the refraotire power of two eyes exists that 
such a course is advisable. When there is only a moderate 
amount of difference between the refractive power of two eyes, 
we may give similar glasses for both eyes ; and as the relation 
between the two eyes, to which the person has grown accus- 
tomed, remains unchanged, he is satisfied. If wo adopted tlie 
opposite course, though wo make the range of accommodation 
for both eyes more equal, the magnitude of the images in each 
would be different, and the result unsatisfactory. 

With hypermeferopos, when there is imperfect acuteness of 
vision, it may be advantageous to produce, by moans of glasses 
of different foci, nearly accurate images on the two retinas, by 
whoso co-operation the power of distinguishing is thus, in many 
instances, really increased. 

In rare cases, when the difference between the two eyes is 
great, and binocular vision is absent, the person may believe 
himself blind in one eye, especially if that eye bo so very short- 
sighted that objects must bo brought unnaturally near to it 
before they can be rooognisod — so close, indeed, that the fact 
of its not being deficient in vision may only bo discovered when 
accidentally some object has been brought close to that eye. 
In such oases, while one eye may require a lens of 20 inches 
focus, the other may only bo suited with a concave of 2 inches. 
The most suitable glasses must be determined by careful trial. 

ASTIGMATISM. 

In astigmatism the refractive jiowor of the eye differs in diffe- 
rent meridians of the cornea. It is a defect that is not remediable 
by the ordinary spherical lenses, but by segments of cylinders, 
which refract only transversely to their axes. This defect is 
usually tested for by means of linos ruled at different inclina- 
tions to each other, such as are given in Snellen’s test types, 
and noting which of such linos are recognised simultaneously ; 
or by the binocular method of M. Javal, whose tost-platcs 
consist of two similar cirolos, one being divided by radii corre- 
sponding to the hours on a watoh-facc, with intermediate shorter 
radii corresponding to tlie half-hours ; the other being marked 
with the hour numbers corresponding to the longer radii of its 
follow. Those are placed so that their centres correspond to the 
distance between the pupils of the eyes, and oi’e viewed through 
two lenses, say of 3 inches foci. This test-plato is withdrawn 
gradually, till all the lines become dim and disappear, excepting 
one in each disc. Then, beginning with the lowest power, a sot 
of cylindrical concaves aro brought before the eyes one after 
the other, with their axes perpendicular to the radius that lias 
remained discernible, till the glass is found whicli makes all the 
radii equally black. The meridian of astigmatism, together 
with the number and position of the correcting glass, is thus 
determined. 

The civeles cannot bo discerned unless the visual lines are 
parallel and the head straight. The relative position of tho 
visual lines being a fixed one, this sufficiently guards against 
any change of accommodation. The patient may state what 
line ho really sees by aid of tho hour numbers, as these are not 
seen by the same eye that notes tho radii. This also affords 
a constant test of binocular vision. 

Astigmatism may also be tested by Stokes’s “ astigmatic lens.” 
This consists of two cylindrical lenses, tho one plano-convex 
I of ; the other plano-concave V — The first is fastened 
into a broad metal ring, the second into a ring that works 
within tho other, to allow of those lenses rotating axially past 
ea<di other, with their platio surfaces face to face. The our.or 
ring is graduated, and an index-point is engraved on the edge 
of tho inner ring. When the index points to zero or 180®, the 
axes of the two cylindritial lenses are parallel, and tlie combina- 
tion equals a concavo-convex cylindrical lens, with equal radius 
of oi^vaturo of tho two planes, whose action is about ~ 0. If 
tho index points to 90® or 270®, the axes of tho cylindrical 
lenses stand perpendicular to one another, and th(j system has 
its maximum of astigmatic action, so that by rotating from 0 to 


90^ tho astigmatism ascends from 0 to To save oaloulatioxi, 
different degrees of astigmatism are given directly upon the 
engraved scale. Tho instrument is sot to tho degree of astig- 
matism suspected in tho patient, and it is then rotated before 
the eye while it is fixed upon the distance-test. If improve- 
ment bo observed in a particular position, the action ^ the 
instrument may be increased or diminished until the maximum 
of distinctness is obtained. Tho absolute correction of astig- 
matism indicated by this instrument requires great oare, and 
portainB to tho domain of the ophthalmic surgeon rather than 
to that of the optician, who, however, must carry out the optical 
remedy the surgeon presoribea for tho determined degree of 
astigmatism. 


BUILDING CONSTRUCTION.— XII. 

JOINTS IN TIMBER (conltnuod). 

Anothsk. excellent method of joining beams of timber is tliat 
often adopted by ship-carpenters, called “ fishing ” the beam ; 
and this is used, not only in original construction, but constantly 
in repairs. 

This system consists in placing tho two beams end to end, 
and clasping them between two similar pieces, then cither bolt- 
ing or strapping all throe together. In Fig. 91 both these 
methods are shown. If strapping be adopted, it will bo necon- 
sary to sca/rf tho side pieces to tho middle pieces, to prevent 
any chance of the middle pieces being drawn out. Scarfing 
timber will bo presently spoken of. 

This system was used by M. Perronot for tho tiebeams, 
or stretchers, by which ho connected tlio opposite feet of a 
centre on which an arch was being built, and which, giving’ 
way under the load, had pushed aside one of tho piers above 
four inches. Six of such beams not only withstood a strain of 
1,800 tons, but by wedging beliind tliom, ho brought tho foot of 
tho truss 21 inches nearer together. 

These stretchers were 14 inches by 11, of sound oak, and 
could have withstood three times that strain. M. Perronot, 
however, fearing tliat the groat length of the bolts employed to 
connect tho beams of these stretchers would expose them to the 
! risk of bending, scarfed tlio two side pieces into tho middle 
i piece. The scarfing was of the triangular kind, called “ Trait 
de Jupiter (which will bo described in connoction with Fig. 
98), each “jag” being only 1 inch deep, whilst tho faces wore 
2 foot long, and tho bolts passed through close to tho angles. 

Of course, the methods here described are open to tho objec- 
tion that they incroaso tho width of the beam at tiie juncture, 
and tliat they have a clumsy apjioaranco. This must bo ad- 
mitted ; but it is equally certain that they are tho strongest 
systems, and siiould in every case be used where absolute stability 
is of more importance than tho appearanoo. 

TIio method of joining next in simplicity is that called “ scarf- 
ing,” which may bo of the rectangular or oblique kind. Tho 
former is shown in Fig. 92. It consists in “halving” the 
pieces on to each other, and bolting them together. 

Now it will bo clear that, when bolted together, the wood 
wiU only be half as strong as it was before being cut, as half 
its thioknesa has been cut away, and therefore the widths a 6 
and c d represent all tho strcngtli remaining in tho beam ; and 
ovon this i.s injured by tho bolt-lioles, as already referred to. 
This is ill some degree remedied by affixing iron plates at A and 
B. But although the beam thus formed might bo available for 
j columns, or other vortical purposes, it will bo soon that if ex- 
posed to crops strain it is liable to give way ; for tho iron plates, 

I being of but small section, nro liable to bend under tho weight, 
[ whilst tho bolts, too, might bend or tear out ; and against any 
forces which might tend to draw tho pieces apart no greater 
resistance is offered. 

Tho autVior therefore proposes — 1. That tho parts which 
arc to bo halvc<l together should bo left several iriclicH haiger 
than required for the mere joint, the surplus portion of each to 
be formed into a dovetail, to bo sunk intt> tho thick part of tho 
other, as at A (Fig. 93). If this is dono at both ends, a ^^roat 
protection against the jjarts being drawn asunder is provided. 

2. That instead of bolts, coupling-boxes be employed at each 
end to cover the joints, as at b these boxo.s to couptst of a 
bottom and sides, the latter having flanges to which the top is 
bolted. This will give perfect strength to that which was 
previously the weakest port. Two or three bands around tho 
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middle part wi;l complete the joining, and those may bo slightly 
coontcrsunk iuto the aide* of boams, by which means tho parts 
will be still more surely prevented sliding over each other, 
whilst they will not bo materially injured by the small quantity 
of wood taken away in that part. 

By this system tho size of tho beam is only increased by the 
mere thieknoss of tho iron-work, which may bo easily covered by 
a cornice or other joiner’s work, should tho situation require it. 

Fig. 94 is an example of tho oblique system of scarfing, and 
hero again it will be seen that, if oonsidorod as two pieoes of 
wood joined, it lias as a tie hut lialf tho strength of an entire 
piece, supposing that the bolts, which are the only oonnootions, 
are fast in their holes. Tho ends of this scarf require strengthen- 
ing by plates, and a bolt is required through tho middle of the 


Fig. 96 differs from Fig. 95 only in having throe keys. Tho 
principle and longitudinal strength are tho same. The long 
scarf of Fig. 96 tightened by three keys enables it to resist a 
bending muoli better. 

None of these scarfed tie-beams can have more than one- 
third of the strength of an entire piece, unless with the assist- 
ance of iron plates ; for if tho key be made thinner than one- 
third it will have less than one-third of the fibres to pull by. 

Fig. 98 is the elevation, and Fig. 99 the plan of tho French 
scarf before alluded to, called “ Trait do Jupiter,” which differs 
from tho method shown in Fig. 97 only in tho key being placed 
at right angles to the slanting lino of the soarf, instead of 
parallel to tho lino of the beam, as in Fig. 97. Tho advantage 
of this method is supposed to bo tluit, when tho key in Fig. 97 



scarf. This form of scarf is not adapted for the offico of a 
pillar, because the pieces, by sliding on ouch other, aro apt to 
splinter off tho tongue which confines their ends at A and B. 

Figs. 95, 96, 97, and 98 exhibit forms of scarfing which are 
very generally approved, for either ties or posts. Tho keys re- 
prosentfKl at A in each aro not absolutely necessary* f^'** 
pieoes might simply moot square at those points. Tliis form 
without the k(*y needs no bolts, though the^ strengthen it to 
some extt'iit, due allowance being made for tho division of the 
fibres before alliulod to ; but if worked very true and close, and 
with square abutuieiits, will hold together, and will resist bend- 
ing in any direction. 

But the key is a great anJ ingenious improvement, and will 
force tho parts bigethcr with perfect tightness; care being 
taken not to produce constant internal strain on the parts by 
overdriving the key. Tl>o forms of Fiirs. 95 and 96 are by far 
tho boat, bocanse the tongne of Fig. 97 {a) is so much more 
easily splintered off by the strain or by tho key than tho square 
wood at b in the other two figures. 


is driven in, it is liable to split off tho piece B, as the force acts 
in tho direction of tho fibre ; whilst in Fig. 98 the pressure of 
tho key tends rather to press tho fibres together than to 
separate them. But, on tho other hand, it seems evident that 
as the object of tho key is to push the parte away from the 
centre, so ns to force thorn tightly acrainst the tongne h, tho 
stress coming in the slanting direction, shown at b, is by 
far more likely to splinter tho tongue off than when coming in 
tho parallel direction shown at a in Fig. 97. Both tho French 
and tho English methods are sometimes worked with several 
keys, and in both the ends of the beams are generally cut to a 
sally, as shown in tho plan (Fig. 99), which prevents the beam 
bending in a side direction ; and this may be further strengthened 
by tho addition of an iron plate, shown at c. 

"When girders are extended beyond a certain length, they are 
liable to bend under their own weight. They thus require sup- 
port, which it is not always possible to give by means of 
columns or posts. It therefore becomes necessary that the 
strengthening should be independent of any other support than 
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ibat which can be oonneoted to, or contained by, the girder 
itself. This method is celled ** tmssing.*' On this sabjeot the 
writer takes the authority of Mr. Potor Nicholson, who sajs, 
“An oxoeUent method to prevent the sagging (or drooping) 
without the assistance of uprights from the ground or floor 
below, is to make the beam in two equal lengths, and insert a 
truss, BO that when the two pieces are bolted together the truss 
may be included between them, they forming its tio.“ 

To prevent any bad effects from shrinking, the truss-posts 
are generally constructed of iron, screwed and nutted at the 
ends ; and to give a firmer abutment the braces are let in with 
grooves into the sides of each flitch. The abutments at the 
ends are also made of iron, and either screwed and nutted at 
each of the ends, and bolted through the thickness of both 
pieces, with a broeid part in the middle that the braces may abut 
upon the whole dimensions of their section ; or the abutments 
ore made in the form of an inverted wedge at the bottom, and 
rise cylindrically to the top, where they are screwed and nutted. 
These modes may either bo constructed with one king-bolt in 
the middle (Fig. 100, a), or with a truss-bolt at one-third of the 
length from each end (Fig. 101, b and c). When there are two 
such bolts, they include a straining-place, D, in the middle. 

It is obvious that the highei* the girder the less will the 
parts be affected by the stress, and consequently there will be 
the less risk of their giving way under heavy weights, or 
through long bearings. 

Mr. Nicholson says that the rods inserted may be “either 
of oak, or of cast or wrought iron. The latter material is, how- 
ever, very seldom used.” As this statement does not, however, 
give any reasons for the employment of either wrought or cast 
iron, a few observations on this subject are deemed necessary, 
especially as the immense improvements in the manufacture of 
iron have caused it to be so much more generally used than 
formerly, especially as the beams just described ore almost 
entirely superseded by rolled or cast-iron girders. 

It is necessary to the present purpose to state, however 
briefly, that cast iron is crystalline in its structure (that is, 
it is formed of separate particles which have settled into their 


Betuming now to Fig. 100, it will be evident that the pressnre 
of the beam will bo at A, and that the weight at that point 
would have the tendency to press douynward. The trusses i* 
and 0 therefore act as an arch, of which the king-bolt, A, acts 
as the keystone. The trusses B and c are therefore under com> 
XtressioUi and oast iron or pieces of oak may be used. 

The same remarks apply to the form of truss applied in Fig. 
101, where it will be seen there is, as it were, an 
arch formed within the girder. 

Where, however, it is not absolutely required 
that the trussing should bo within the girder, 
far greater strength may be given by adopting 
the system the simplest form of which is given 
in Fig. 103. Here the weight of the beam is 
suspended from its ends^ at which cast-iron shoes 
are placed, through which tension rods are 
bolted. These act on an iron support in the Fig. 104. 
middle of the length, and as the nnts are screwed 
up at A and B, the tendency is evidently to raise the central cast- 
ing, and so afford support to tho beam. Girders of this form 
are used to support floors of upper rooms of warehouses, etc., 
or in schools whore, for instance, the girls* department is over 
that for the boys ; also in tho now generally adopted system of 
scaffolding whore travelling cranes traverse the work in pro- 
gress. In such oases where tho girders on which the trams 
arc placed for tho cranes are of great length, two supports, 
united by tension rods, are used. 

Fig. 104 shows a section of a girder built up of wood and 
iron, and is called a flitch girder. An iron plate is inserted 
between tho two planks, and iron bolts pass through all three ; 
this is found convenient for the architraves of shop fronts, from 
tho convenience with which the casing, cornice, etc., can be 
attached to it. Beams of this kind also are now almost wholly 
Buporsoded by rolled or cast-iron girders. 
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position whilst the molten metal was cooling) ; whilst wrought 
iron is fibrous (that is, the particles have been, whilst in a soft 
oonditiou caused by heat, hammered or rolled together, so that 
they arc of a long instead of a crystalline form, and their adhe- 
sion is thus increased). Malleable iron is therefore able to boar 
longitudinal strain (that is, tho force which would tend to pull 
the ends apart) better than oast iron ; whilst tho latter is best 
adapted to bear vortical pressure, as in a column, without bend- 
ing or giving way. In brief, cast iron bears compression^ and 
malleable iron tension ; and, to speak familiarly, if tho student 
wishes to know under what circumstances cast or wrought 
iron ought to he employed^ let him ask tho question, “ Could a 
rope bo used P ” Now if any weight had to be supported from 
below, it is clear that a rope could not be used, and honco 
columns to bear a roof would bo made of cast iron ; but when 

the two foot, A, B (Fig. 102), 
of the iron rafters of a rail- 
way station have to bo tied 
together, so as to prevent 
their spreading out, a rope 
would (though, of course, 
not permanently) answer tho 
Fig. 102. purpose, and therefore mal- 

leable iron would bo best 
For it is clear that tlio weight of the roof would 
have tho tendency to push the ends A and B outward, and that, 
if cast iron were employed, it would be in a state of tension 
which it is not calculated to boar ; wrought iron is therefore 
host calculated to resist this strain. Tho rafters c and D, 
meeting in b, bntt against each other, and as the weight of 
the roof is acting as pressure, the rafters are under a trans- 
verse stress as well as under n thrust, and hero, too, iron would 
no used. From the shoe in which they meet, and which acts as 
the keystone of an arch, a rod (e f) can ho susnended to bear 
up tho tic-rod A B. Here, again, n. rope would do ; so that this 
rod must he of malleable iron. Tho point p being thus firmly 
hold np, may he used as an ahntmont for “ strnts,’* f h and 
p o, and as these would have to hear the r*resfture of tho roof, 
cast iron would bo used : whilst from a and h rods of wrought 
iron might again bo employed to draw up tho tie-rod at i and j. 



BY OKOBGB GLADSTONE, F.C.S. 

SOAP-BOILING. 

Soap is a term applied to various compounds, but it is only 
with those included under its more familiar acceptation that it 
is proposed to deal in this article. Such soaps are formed 
by tho aotion of soda or })ota8li upon fats or oils. Both 
animal and vegetable oils will servo the purpose of tho soap- 
boiler, tliough some of them i)uH8esH peculiar i)ropertieB which 
render them spocially suitablo for certain purposes. 

It will bo convenient to divide them into throe classes — the 
hard, tho soft, and tho marine soaps. 

The first of those includes a great variety, from tho common 
yellow up to tho fancy toilet soaps. 

The alkali used in making hard soaps is soda, and it must 
bo in its caustic state. If the hydrate of soda, doscribod in 
tho previous article, be used, tho alkali is already in the con- 
dition required ; but if it bo supplied in tho form of the neutral 
carbonate, tho soap-boiler has to make it caustic by digesting it 
with lime, 

Tho fats or oils which may bo used are very various. Tallow, 
olive, palm, and cocoa-nut oils arc all extensively used. In 
addition to those natural oils, oleic acid deserves mention as 
a waste product of the candle manufactories, but which is ol 
value to tho soap-boiler. Kosin is also an important oon- 
stituont of tho yellow soaps. All these, with the exception of 
the lost, which has an ’altogether different chemical composi- 
tion, contain stearic or margario acids, and tho hardness of the 
soap produced is greatly dependent upon tho proportion of 
these acids. Tho firmness of a soap is a matter of some 
importance, as one deficient in that respect is more wasteful. 

Another important ingredient in soap, especially to the manu- 
facturer, is water. As a mere matter of profit, cf 
is his object to make it take up as much as possible; but 
though a certain quantity bo necessary, it is not wise to push 
the dilution too far, as the reputation of the maker would 
thereby suffer. A really firm and apparently good soap can 
be made, nearly throe-fourths of which shall consist of water ; 
but the consumer would very so<m find out that its cleansing 
power was very small, and would not be likely to lay in a 
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sdoond stock of it. Tho hard soaps grenerally oontam from 
15 to 30 per oont. of water. 

The first step iu the proooss of making soap is to boil the 
fat or oil with oaustio lye in large caldrons. These are 
generally made of iron, and in the best establishments they 
are heated by steam, being at once more economical and more 
easily regulated. The steam-pipes are sometimes so arranged 
that tho heat may either be applied externally, or that the 
steam itself may be forced through tho contents of the cal- 
dron, in which latter case it not only fulfils its function of 
hoat^g, but also stirs up the ingredients in a most effectual 
manner. The boiling-pans are generally made large enough to 
hold twenty-five to thirty tons of soap at a time. 

The fat and alkali are thus boiled together until no grease 
is any longer seen fioating on the surface, but the two have 
combined together and formed a milky kind of liquid of a 
neutral character, the acid of the fat haying counterbalanced 
the alkali of the lye. According as the solution is acid or 
otherwise, more or less of the other ingredient is added, until 
the cauldron is nearly full, and the proper proportions have 
been nicely adjusted. Common salt is then thrown in, which 
readily combines with the water, but not with soap — as any one 
who has tried to wash in sea-water with common soap will 
know — the result being that the soap separates in curds, which 
float upon the surface of the saline Uquid, the residue going by 
tho name of apent Vyes. 

The spent lyes being drawn off, the saponaceous matter is 
again boiled up with fresh lye, and, if necessary, some more 
fat, taking care this time to have an excess of alkali in the 
solution. Salt is then again added to separate the soap from 
tho liquid, after which the boiling is continued for some hours, 
in order to perfect the union of tho soda with the fat. The 
lye drains out, and the soap is then ready to be skimmed off, 
and transferred to the frames in which it solidifies on cooling. 
It is then cut into bars and dried, and is ready for sale. 

The frames are made with movable sides and a porous 
bottom, BO that any lye which may be mixed with the curds 
shall drain away, and when the soap has solidified the frames 
are removed, and the block is cot by wires, first horizontally 
into slabs, and then vertically into bars. In England the 
frames are all of uniform size, so that a block of soap measures 
exactly 15 inches wide, by 45 inches long, and 45 inches high. 

The above description of the process will serve for a hard 
curd soap made exclusively from tallow ; but for various reasons 
it is often found desirable to use a mixture of fats or oils, or 
even of rosin. Castor oil possesses the advantage of readily 
saponifying, and forming a very hard product, which will take 
up a large per-oentage of water. Ooooa-nut oil has the same 
oharaoteristic ; but it lias other specialities, which will be con- 
sidered presently, when speaking of marine soap. Palm oil is 
suitable for toilet soaps, an admixture of it communicating a 
rather agreeable perfume. It may be used to advantage to the 
extent of 75 per cent, of palm oil to 25 per cent, of tallow. 

Bosin will not make a hard soap by itself, as it has too great 
an affinity for water — so much, indeed, that after having boon 
dried it will become liquid on exposure to the air. It makes, 
however, a very good compound, either with tallow or palm 
oil, if limited to about 15 per cent. In no case should it oxoood 
30 per cent. The rosin should be saponified Boparately from 
the fat, and then added to the other after the last boiling 
(leaoribed above, continuing the boiling for some time after- 
wards, until the two preparations have thoroughly combined. 
Bosin being oheaper than the other substances, the yellow soap 
thus made has an advantage in price, while for ordinary washing 
purposes the alight smell peculiar to rosin is not an objection. 
It, moreover, makes on excellent lather, and is a strong, useful 
soap. 

Oleic acid is very readily saponified, and requires much leas 
boiling than the other substances already mentioned. It may 
be used either alone, or with tallow or rosin. It makes a 
good^ soap, firm, and not affected by tho weather. 

Olive oil is largely used in the south of Europe instead of 
tallow, the shores of tho Mediterranean being the native soil of 
the olive. In this country, however, it cannot compete in price 
with the other articles above named. 

Considerable stress is often laid upon having mottled or 
marbled soaps, and not altogether without reason, bocaase it 
is not so easy to give them this appearance when containing a 


large proportion of water. Twenty per cent, may bo taken 
as about an ordinary per-centage in Ike mottled desoriptionB. 
The salts of iron or copper (especially the former) are most 
generally adopted to produce this effect, which is due to their 
natural tendency to separate more or less from the mass of 
soap with which they are mixed, as it cools. If the cooling 
proceeds rapidly, sufficient time is not allowed for the inter- 
change of the particles, and the soap will present a uniform 
hue of the colour oharaoteristic of the metaJlio salt employed. 
If it is cooled gradually, veins and patches, of a bluish colour 
in the case of iron, will afterwards be found to extend through- 
out the mass, which will tom to a reddish colour by the 
oxidation of tho iron on subsequent exposure to the air. It is 
the conversion of the sulphate into the oxide which furnishes 
the red mottling of the Castile soap on the exterior surface, 
while it is of a bluish-black within. If the soap were too 
watery, tho colouring substances would, by their superior 
weight, find their way to tho bottom of the boiling-pan, and 
the effect desired would be entirely lost. 

Fanoy soaps, whioh are made in great variety for the toilet, 
are usually scented with some aromatic oils. For this branch 
of the trade the ordinary commercial soaps ore used, after 
undergoing a process of refinement, or a soap is specially made 
for the purpose from almond oil, or the like. Much taste is 
shown by the best London makers in the selection and combi- 
nation of the perfumes, which, along with the oolouring matters, 
such as vermilion, yellow ochre, aniline, etc., ore usually boiled 
up with the soap. To facilitate this operation, as a well-dried 
soap does not roadily melt, it is usually cut up into fine 
shavings, and after boiling is well worked under rollers until it 
presents a uniform appearance. If the soap is intended to be 
highly scented, or very expensive perfumes are to be employed, 
the cold proooss is adopted, as much of the strength of the 
scent is lost by boiling. In this case the soap is shredded as 
before, and tho perfume and colouring matters well amalga- 
mated with it by being worked in a mortar with a pestle. It 
is then divided into lumps, and roughly moulded with the hand 
into something of the shape it is finally to assume. After 
being loft on a rack to dry for about a week, it is pressed into 
a mould, whioh imparts to the cake the form and device whioh 
may be required, and when taken out the edges are trimmed 
and tho surface polished with the hand. 

Transparent soaps are prepared by taking an ordinary hard 
soap and dissolving it in hot alcohol, after having stored it for 
tho purpose of driving off all tho water. Soap being completely 
soluble in this medium, any extraneous matters which it may 
contain can be readily separated by filtration, care being taken 
to keep tho solution hot during the process. The alcohol is 
then evaporated out of tho filtrate, and on cooling it hardens 
into a transparent Hoap. These so^ps are coloured, according 
to fancy, with vegetable colours dissolved in aloohol. This 
branch of the trade is little practised in England, in consequence 
of tho heavy duty on spirits, whioh prevents the home manu- 
facturer from oomi>eting with those on the Continent. 

Soft soaps are made in this country with either potash or 
soda and tho drying oils, tho most familiar of whioh are those 
extracted from hempsoed, rape, and linseed. These oils are 
deficient in stearino, and on that account ore not available for 
hard soaps. On the Continent potash is much more frequently 
employed as the alkali instead of soda, potash being compara- 
tively cheap in those countries where wood abounds ; but it has 
such an affinity for water that even when combined with tallow 
or the non-drying oils, it will not make a firm soap such as will 
retain its character in a moist atmosphere. 

In this manufacture the non-drying oils, or sometimes the 
fish oils or tallow, aro boiled up with a solution of potash, not 
too strong, until they form a thick sticky fluid, when a stronger 
lye is added and the boiling continued until it becomes quite 
clear and slimy. Tho compound has now to be tested carefully, 
to see whether there is a proper proportion between the fatty 
acid and tho alkali ; because an excess of either tho one or tho 
other will become evident on cooling. Having adjusted this 
properly, tho heating is continued, in order to drive off the 
superfluous water, and tho process is accelerated by keeping it 
constantly stirred. As the evaporation of tho water progresses, 
the substance in the pan becomes thicker, and the froth on the 
surface diminishes, until the soap settles down in a thick mass 
at tho bottom. Tho heat is then withdrawn, and when the 
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oontonts of the pan have cooled down they are scooped out and 
put into casks. 

Soft soaps, according to quality, contain from 40 to 50 per 
cent, of water. Sometimes they present the appearance of a 
clear yellowish jelly interspersed with small grains, which is 
produced by the addition of a little tallow, the less soluble 
constituents of which collect in small granules. At other 
times they present a uniform green colour, whioh is a natural 
result if the soap has been made from hompsood oil, but which 
is often produced artificially by the admixture of indigo in a 
yellow soap. Both the colour and the granulation are mere 
fancies in the trade, and have ' no other necessary connection 
with the manufacture. 

With the drying oils, soft soaps may bo made with soda; 
other fata and oils besides those already named may bo usoJ 
with a mixture of soda and potash, in which the latter pro* 
dominates. 

The hard soaps should be as nearly as possible neutral ; but 
the soft soaps are not separated from the lye by the addition of 
salt, as in the former, so that they always retain an excess of 
alkali. They are principally used for soouring manufactured 
goods in the bleaohiug and dyeing works, and will be found 
mentioned in Lessons 1. to IV. of this scries, which treat of 
such operations. 

Marine soap is made of oocoa*nnt oil. Whilst a very small 
quantity of salt will separate the curds produced by the sapo* 
nification of any other oil, it has no effect upon this. A very 
strong brine is necessary for the purpose ; but that is found to 
be unsuitable in praotioe, as the brine takes up the water at 
the same time, and leaves so hard a c\ird as to be unmanage- 
able. It has such a tendency to harden under any cireum- j 
stances that the oil is boiled with the very atron^at caustic 
soda lye, care being taken that the alkali be not in excess, in 
which case the use of salt can bo altogether dispensed with. 
The operation is facilitated by the rcplaoement of some of the 
soda by potash. A coooa-nut soap made with soda will hold 
upwards of 70 per cent, of water, and still be so firm as to 
deceive the uninitiated; however, it is, of oonrse, proportionately 
weak in its cleansing properties. Its resistance to the effect 
of a weak solution of salt indicates its value on shipboard, 
other soaps being absolutely useless for washing in sea-water. 

Incrodible as it may appear, flints, sand, or pipe-clay may 
enter pretty largely into the comimsition of soaps, both hard 
and soft, and that without injury to their useful properties. 
The silica contained in them is reduced to a soluble state by 
being melted in a reverberatory furnace with caustic soda or 
potash, then gpround fine, and lastly boiled in an aqueous 
folution of the alkali, the result of which is that the silica 
forma a transparent gelatinous mass, sometimes known by the 
name of soluble glass. When the soap has boon thoroughly 
boiled, the silicate of soda is mixed with it in the pan, and tho 
compound is then transferred to the frames to cool and harden. 
As in the other processes, potash is only used when a soft soap 
is intended to be made. These soaps are cheaper than those 
made exclusively from oils and fats, while at the same time they 
fulfil their purpose very satisfactorily. 
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THE TEETH OF WHEELS. 

Fig. 229 . — To trace a cycloid^ hy mechanical meaiis. 

Fasten a rail of wood, or any straight edge, to a board. 

Take a circular piece of wood, cut a small notch at any 
point in tho edge (as at a), and fix a small knob or button in 
the oentre (b). 

Tho point of a pencil held in the notch, whilst rolling the 
disc along the straight edge by moans of tho knob, will describe 
a cycloid. 

In order to prevent the disc slipping as it rolls along, it is 
advisable to glue a narrow strip cf sand-paiier round tho edge 
of both disc and rail. 

If, instead of a straight piece of wood, a circle or are be 
employed, the curve traced by tho i^encil wdll bo an epicycloid ; 

* Tho cycloid was invented hy Galileo, an etntnout mathemntician 

sod nntural philosopher. He was born in Pisa in 1564, and died 
in 1642. 


if the inner side of a hoop be used, the curve will be tho 
hypooycloid. 

Now if the same generating circle be made to roll on tho 
outside of a circle, and again on the inside, both curves starting 
from tho same point, the portion inside tho circle (tho hypo- 
cycloid) will give the curve for tho flank of tho tooth, and tho 
cycloid on the outsido will givo tho face or j>oint of tho tooth. 

This will bo clearly understood when put into practice, and 
for this purpose tho attention of tho student is directed to 
Fig. 230. 

In this figure a and b are tho centres from which tho pitch- 
circles a' a" and b' b" arc struck. These circles touch each 
other at c. 

Now if tho opicyoloid c D be drawn from C, then a portion 
of it, C p, will be tho face or point of tho tooth ; and, again, if 
by moans of tho same generating circle a hypocyoloicl, £ 
be traced from the same point, the portion c o will bo tho flank 
of tho tooth. Of course, if similar curves are drawn from ii, 
in the reverse direction, the opposite side of tho tooth will bo 
described. 

Tho length comprised by a tooth and a space is called a pilch. 
This is, of course, equal to tho distance from tho centre lino of 
one tooth to that of the next one. 

Tho following data are those generally adopted by mill- 
wrighta and engineers : — 



Supposing the “ pitch ** to bo divided into I"* equal parts; 
that is to say — 

Height of tooth outside the pitch-circle 5] jiarts. 

Depth of tooth within tho pitch-circlo CA ,, 

Thus the total height of the tooth is 12 

Width of tooth 7 ,, 

Width of space between tho teeth 8 ,, 

Some engineers, however, adopt the following proportions, 
and they are, therefore,' used occasionally in tho examples 

Tho pitch divided into 11 parts. 

Width of space ,, 

Width of tooth „ 

Depth of flank ,, 

Height of face j ^ 

Although tooth are designed and the patterns for them are 
made on the scientific principles shown, it is usual in most 
drawings to consider tho curves as portions of circles, whioh 
may be drawn with such approximate correctness as to be 
sufficiently accurate for general purposes of drawings — tho 
length of a pitch being, as a rule, taken as the radius. The 
face of the tooth, A B (Fig. 231), is siruok with this radius 
(the pitch), and the flank, A », is struck from c, the centres 
being in tho pitch-line B. 

Now it will be noticed that tho flank of the tooth under con- 
sideration bonds inward about tho middle, between A and D. 
This may bo avoided by oikiploying a circle of centres — that is, 
a circle a little outside the pitch-circle — and although using the 
pitch as the radius, fixing the centres on this additional circle. 
Thus; place the steel point of the bow compass at F on the 
additional circle, but strike the flank from o. 

It will bo seen that by these means the evil alluded to is 
avoided : tho tooth thus becomes brooder at the base, and con- 
sequently stronger. 

It will be found that when the diameter of the generating 
circle is equal to tho radius of the circle in which it rolls, the 
hypooycloid is converted into a straight lino ; therefore, when 
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the one wheel is of half tho diameter of the other with which Draw the pitoh-oiroles, touching each other in T. 

it is geared, the flanks of the teeth, instead of being curves, are From t set off a pitch on each of tho pitch-circles — 

straight linos tending towards the centre, and they are hence T A and t b. 

called radial teeth. Two snob are shown in Fig. 232. Join A and B. Bisect A b by the line o, and produce it 

As teeth so formed are, however, necessarily narrower at the From a draw tho radius a j >. 



bottom than on tho pitch-circle, they would be weaker at that From b draw the radius b b. 

part, tho radial flanks aro not drawn quite down to tho root, At a draw a line at right angloc to A cutting tho bisecting 

but are turned off by small quadrants, by which means they lino c in r. 

are materially strengthened ; this is shown at A in Fig. 232, At b draw a lino at right angles to B e, cutting the bisecting 
and will be further illustrated in future examples. In order line c in o. 

to strengthen the teeth, flanges are sometimes cast on one or From the centres of tho circles to which these tangents are 
both sides. drawn, draw circles through F and o, and these will bo the 

Fig. 233 . — To draw radial teeth to gear with each other, circles of oentres for the faces of the teeth. 
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Now Ret off the pitches aioand the pitoh-oirolos, and divide Tlio radial flanks are now to be drawn, and tamed towar<l>4 
thorn into teeth and spaces. In the present example the tooth the bottom by means of arcs, as directed in Fig. 232. 
is taken at space at of the pitch, the height out- Fig. 234 is inserted to remind the student of one of tluj 

aide the pitch-circle being J and within the pitch-circle J of methods of dividing a line proportionately to another, 
the pitch. In this figure let a b represent the length of the pitch, whiclj 



Draw the circles in the way which has frequently been shown it is desired to divide in the proportion of five-elevenths and f 
for the root and points of the teeth. i six-elevenths. 

From F, with radius f a , doscribo the arc a ii, which will bo ! Draw any lino, o D, parallel to A D, and sot off upon it 
the face of the tooth ; and with this radius, and from the same | eleven spaces. These may be any length, 
circle of centres, the faces of all the rest of the teeth of the : Draw lines, n b and o A, uniting the ends of the two lines, 
largo wheel are to be struck. and meeting in e. 

The faces of the teeth of the smaller wheel are to bo struck '^^om the point marked 6 draw g lino to E, which will divide 
with the radius a b, a b in f in the desired proportion. 
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EDUCATION AT HOME AND 
ABROAD. 

2. -CIBCULATION OF WORKS OF ART (dontinwd)— EVENING 
TECHNICAL INSTRUCTION. 

BT SIR PHILIP MAGNUS. 

In oonneotion with the Sonth Kensington Maseum, there exists 
4U1 art library having a ooUoction of nearly 60,000 volames, 
upwards of 24,000 drawings, and 59,000 photographs. 

Whilst the loan of objects of art from the central museum to 
local schools of art or to local museums is of great value as aid 
to the teaching of art, and as a means of elevating and improv- 
ing the taste of artisans and of the public generally, it might 
with advantage be supplemented by the gift to provincial 
museums of reproductions of artistic works, or of duplicates of 
such works, when they exist. The Commissioners on technical 
instruction were particularly struck with the excellence of the 
museums attached to schools of art in the more important 
manufacturing centres of the Continent. Many of these 
museums contained valuable historical collections of works, 
iUustrating the staple industries of the district, and from all 
we were able to loam they were much frequented by artisans. 
The museums at Mulhouse and at Crefeld, the centres of the 
ootton-printing and silk industry of Germany, contain typical 
collections of examples connected with the manufactures of 
these towns. In the conclusion of their report on technical 
instruction, the Commissioners remark : ** Whilst we fully admit 
the force of the contention that the contributions of the SState 
to the foundation and maintenance of museums will bo of the 
greatest service to the country at large, if applied mainly to 
central institutions, like those of the metropolis, of Edinburgh, 
and of Dublin, wo highly approve of the grants to provincial 
museums of reproductions ei^er gratuitously or at a very low 
rate. These grants may, even in the case of typical museums 
situated in some of the chief industrial centres, bo extended 
with advantage to original examples of art, and of manufactures 
calculated to increase the knowledge and Improve the taste of 
those (more especially of the artisans) engaged therein.” 

The induonce of industrial museums in technioal instruction 
is gradually being more appreciated in this country, mainly 
through the action of the iScience and Art Department. Manu- 
facturers, however, do not yet seem to fully recognise the real 
value of such collections. They show very little interest in the 
development of these museums, and shrink from co-operating 
in improving and adding to the collections to the same 
extent as is done by Continental manufacturers. The heads 
of firms in this country have a greater distrust of one another 
than is the case abroad. In many foreign museums are found 
collectiouB of all the newest patterns contributed by those en- 
gaged in the same trade, and these collections are open to tho 
inspection of the general public. In this way, each manufac- 
turer benefits by the work of others, and tho general industry 
of the town is improved by the opportunities thus afforded 
for the better education of the workmen, tho managers, and tho 
masters. The study of now designs exhibited in a museum of 
this kind helps to form the taste and to improve the designing 
power of all who are engaged in the industry. Of those who 
visit such a museum, some, owing to natural aptitude or to 
superior education, will make better uso of their opportunities 
than others^; and in this respect such museums arc very 
similar to schools the pupils of which benefit in very different 
degrees from the education they therein receive. ITiis co- 
operation of maunfaoturors to benefit the trade in which they 
ore engaged, which is particularly exemplified in the educa- 
tional agencies of Mulhouse, and is in striking contrast to the 
** trade secret” theory of tho majority of English manufacturers, 
is founded on tho belief, entertained very generally on the 
Continent, that it is more advantageous to manufacturers to 
compete with foreigners than among themselves, and that 
everything that tends to increase the technical knowledge and 
artistic skill of those working at their own trade helps them to 
produce superior goods, and so to successfully compete with 
manufacturers abroad. 

Later on, farther particulars will be given with respect to 
some of these foreign trade museums and to their industrial iu- 
flueuce. I have been induced to refer to the subject here on 
account of its connection with the circulation of works of art 


as organised by the fScionce and Art Department, and with tho 
encouragement afforded by the Department to the establish- 
ment of local museums in the great centres of trade. Tho 
subject of museums is only incidentally associated with that of 
tho evening instruction of artisans which wo have been con- 
sidering ; but it seemed appropriate to consider it, whilst 
reviewing the several different ways in which tho Science and 
Art Department is directly and indirectly assisting in educating 
[ the industrial classes of this country. 

EVENING CLASSES IN TBCHNOLOGT. 

Wiiilut mathematics, drawing, and the elements of aoienoo 
constitute the basis of all technical instruction, persons 
engaged in various industries require to have explained to them 
the application of these subjects to their special trades, and tho 
rationale of the different processes and operations that are 
carried on in their several workshops. Instruction of this 
kind includes what is generally understood by Technology. A 
knowledge of the technology of a trade constitutes an im- 
portant part, but not tho whole, of an artisan's education. 
One mRy teach book from the technology of a tra^ to the 
principles of soienoo therein involved ; or, oommenoing with 
Boiontifio principles, one may lead np to the application of those 
principles to spooiol manufacturing prooesses or trade opera- 
tions. The former method is better adapted to the ednoation 
of adults or persons already familiar with workshop practice ; 
the latter is the more scholastic, and is generally adopted with 
younger students and with those who have more time at their 
disposal for study. In either case the principles of science 
must be known ; and hence the system of evening instruction 
so extensively encouraged by the Science and Art Department, 
to which reference has been made in the preceding articles, in 
an essontiul part of our present system of technical education. 
But it was long ago felt that the teaching of the elements of 
science and of drawing, without any reference to the particular 
trades in which the artisans receiving such instruction, are 
engaged, does not afford as complete an oduoation to our work- 
ing classes as they require; and accordingly the Society of 
Arts — to which body so many miovements for the improvement 
of arts and manufactures in this country are due — mainly at 
the suggestion of Colonel Donnelly, arranged examinations in 
tho technology of a few important trades, and offered prizes to 
encourage candidates to present themselves for these examina- 
tions. Owing greatly to the difficulty of finding teachers, and 
to tho fact that the Society of Arts was nnablo to offer any 
remuneration to teachers in tho nature of payment on results, 
these examinations exerted no appreciable influence on the pro- 
gress of technical education. In the year 1873, when the first 
examination was held, the number of candidates was only C, 
the subjects chosen being alkali manufacture, steel manufacture, 
and oarriage-bnilding ; in 1874, there were 36 candidates; in 
1875, 4G candidates in 8 subjects ; in 1876, 62 candidates in 7 
subjects ; and in 1877, 68 candidates in H subjects. In this 
year tho Clothworkors' Company, always to the front in the 
promotion of technioal ednoation, placed a sum of money at the 
disposal of tho Society of Arts for the payment of teachers of 
technology on tho same principles as the teachers of soienoo 
are paid by tho Department ; and to this action of the Cloth- 
workers* Company was dne the impulse that was given to tho 
establishment of technical dosses in all tho principal centres of 
trade in this country. In 1878 the number of candidates 
increased from 68 to 184 ; and in 1879, when the examinations 
were condneted under the direction of the Committee of 
Guilds associated for the promotion of technioal education, 
incorporated the following 3 ' 6 ar as the City and (rnilds of 
London Institute for tho Advancement of Technioal Edu- 
cation, tho number of candidates was 202. Between the 
years 1873 and 1879 tho number of candidates had increased 
from 6 to 202, and examinations wore held in the following 
subjects : the manufacture of cotton, paper, silk, steel, pottery 
and poroolain, gas, glass, cloth, alkali, carriage-building, agri- 
oulturo, silk-dyeing, wool-dyeing, calico-bleaohing, telegraphy, 
and blowpipe analysis. 

In 1880 the City and Guilds of London Institute arranged 
for the payment of teachers of technical classes under condi- 
tions similar in many respects to those under which the 
teachers of science clas.ses were paid by the Department. 
Fresh subjects wore added to tho examination, and the strin- 
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genoy of the regulations under which the examinations had 
previously been oonduoted by the Society of Arts was relaxed. 
The result of these changes was a considerable increase in the 
number of candidates. In 1882 further changes were intro- 
duced. The intermediate or advanced stage of the examina- 
tion was abolished, and candidates wore required to choose 
between the “ordinary” and the “honours” grade. It was 
felt that the study of technology must necessarily be preceded 
by the study of the elements of some branch of science, and 
that a two years* course. of instruction in technology was suffi- 
cient, in addition to the preliminary lessons in pure science. | 
Of the two grades of the examination, the “ ordinary ” was 
intended for apprentices and workmen, and the “ honours ’* for 
foremen and managers. The subjects were re-arranged and 
classified, and new subjects were again added to the programme, 
the chief of which wore weaving and pattern designing and 
electrical engineering. 

The Institute, in its early days, experionood great difficulty 
in obtaining oompeteht teachers. The choice lay between the 
ordinary science teacher^ .who had acquired a superficial know- 
ledge of some branch or branches of elementary science, but 
who knew very little of the technical details of any one trade, 
and the foreman of works, who was quite familiar with the 
processes he daily saw in operation, but who was unable to 
give the reason of those processea or to connect them by any 
causal links with the principles of science. During the first 
year or two of the Institute’s existence, the science teacher was 
accepted as the preferable of these two classes of instructors ; 
but, subsequently, efforts were made to combine the two, and 
those teachers only were registered who were qualified to toaoh 
science classes under the Department and who could give 
evidence of having acquired in the factory or workshop a 
practical knowledge of a certain industry. Much has been said 
md written about the advantages of workmen-teachers for 
technical classes. Of the importance of having teachers con- 
versant with the details of the trade they profess to teach 
there can be no doubt i but it must bo remembered that a 
technical teacher should be able to do something more than 
give instruction in the operations of a trade as practised at the 
time : he should be able to suggest directions in which improve- 
ments may be effected, and so try to train np a body of work- 
men who will be not only equal, but superior, to those who 
have preceded them. Teaohers who are to do this must bo 
men of scientific attainments. That they should be practically 
acquainted with the processes of the trade they are to teooli 
is equally essential. “ The teacher who is to inspire confidence 
in his artisan students must address them in the language they 
understand, and must show that he is not beyond appreciating 
practical diiOBoulties which occur to them in their daily work.” 
“ Indeed, the technical teacher ought to be so constituted as to 
be able to keep one eye on the general principles of science 
and the other on the industry which his pupil intends to follow.^’ 
Teaohers of this kind are not easily found j and yet the progress 
of technical education in this country depends greatly upon the 
supply. Beferring to the deputations of working-men who 
expressed their views on this subject to the members of the 
Commission on Technical Instruction, the Commissioners say : 
“ We believe that many workmen arc disposed to attach too 
little value to the importance of acquiring a knowledge of the 
principles of science because they do not see their application. 
We are of opinion that, whenever it is possible, persons 
engaged in the trade tatight, and having scientific knowledge, 
should give instruction to workmen ; and wo have ascertained 
that a large number of such teachers are registered under the 
examination scheme of the City and Guilds of London Insti- 
tute.” 

As we have already pointed out, it might bo better in all 
technical olassos to teach the principles of science through 
their applications, and so to lead the student generally to 
inquire into causes through the desire to understand the 
machinery and processes with which ho is familiar in his daily 
work. But such a method of instruction 0 ‘>uld be carried out 
by those teachers only who are at onoe practically acquainted 
with the technical details of a manufacture or trade, and ^so 
with the general principles of science. Practice and principle 
might thus be taught together, the one assisting the other. 
When the Technical Institute, however, came into existence, it 
found a oentxalised system of soionce-teaohing, with ramifioa- 


tions in all parts of the kingdom ; and as the dosses so formed 
were State-aided and assisted by a considerable grant, the In- 
stitute, in order not to duplicate, at a cost it oould not afford, 
the machinery of the Deparimont, limited its operations to the 
supplementing of teaching in soienoe by instruction in tech- 
nology. As already stated, this system, in which the science 
is taught separately from its applications, and without any 
reference thereto, is perhaps not the best possible for the 
majority of artisans ; and that it is not the most acceptable 
method of instruction to those engaged in industrial pursuits 
is shown by the fact that, of the students who eagerly avail 
themselves of the Institute’s olasaes in technology, only a small 
proportion have previously attended the Department’s olasses 
in science. This proportion, however, is likely to become 
greater as the rudiments of soience are more generally taught 
in elementary schools ; and seeing the importance of a know- 
ledge of the principles of soienoe for the proper comprehension 
of the theory of every trade into which machinery enters, this 
division of technical instruction was inevitable. 


PRACTICAL PERSPECTIVE.-~III. 

Fig. 14 is a representation of the interior of a hall, haring a 
floor covered with square slabs of alternate white and black. 

This view is not drawn to any particular scale. Having 
drawn the general outline or rectangle, fixed tlio centre of the 
picture, and drawn the horizontal line, the points of distance 
must next be marked. Those (as in the present illustration) 
need not be on the paper, but may be on the board or table on 
which you are drawing. 

From the four angles of the figure draw linos to the centre 
of vision, which will give the lines of junction between the floor 
and ooiling and the walls. 

Now this hall is supposed to bo twice os long as it is wide. 
The floor thus consists of two squares. 

Therefore, from A. and B draw lines to the points of distance. 
These will give the points c and n. Join o and d, and this will 
complete one square of the floor. 

Again, from c and D draw linos to the points of distance, and 
these will give the points B and p. 

Draw E F, then A E p B will be the porspootivo roprosontation 
of the floor. 

From E and p draw perpendiculars, cutting the upper edges 
of the wall in o and H. 

Draw the lino a h, which will complete the view of the in- 
terior. The windows and doors are necessarily emitted in this 
study. 

Now divide the line A b into the number of parts correspond- 
ing with the number of slabs to be placed on the floor, and from 
those points draw linos to the oontro of vision. 

It will bo seen that these lines, 1, 2, 3, 4, 5, 6, will pass 
through the diagonals A d and B c, and also through c P 
and D E. 

Thus lines 1 and 6 will out the diagonals in a and 1. 
Through those points draw a horizontal line, which will give 
the front row of squares. Lines 2 and 5 will cut the diagonals 
in c d. Through those points draw another horizontal line, 
which will give the second row of squares. 

Lines 3 and 4 will cut the diagonals in c and /. Through e 
and /, therefore, draw a horizontal line, which will give the third 
row of squares. 

By continuing this method, the entire surface of the floor 
will be covered with squares, each diminished in size or altered 
in form according to its position. 

The system of forking by scale having been shown in several 
of the earlier studies, it will not be necessary to our purpose 
to give the measurements in every case ; but it will be evident 
that all the prindiplea of perspective here laid down can be 
equally well applied, whatever may be the relative size of the 
objects ©r the height of the spectator. All measurements in the 
future figures are therefore assumed, leaving it to the student 
to work them to any scale he may think proper. 

Fig. 15. — In this study it is required to put into per- 
spective a square, the smfaoo of which is at right angles to 
the plane of the picture, and which is dividend inco nine equal 
squares. 

Having drawn the pioture-line and horizontal line, and bo ving 
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fixed the centre of the piotore and the points of distance, set off 
from A the length a a\ representing the distanoe of the front 
edge of the square on the left of the spectator. Make A' b 
equal to the height of the required square, and from a' and B 
draw lines to the centre of the picture. From a' set off on the 
picture-line a' b equal to A b. From d draw a line to the point 
of distanoe, cutting A c in 

At d' erect a perpendicular, cutting b o in c'. Then a' B o' d' 
is the perspective representation of the square placed at a', at 
right angles to the picture-plane. Divide a' b into three equal 
parts by the points e, f. From B and F draw lines to the centre 
of the picture, cutting i/ in a and h. 

These lines will divide the squares horizontally into three 
equal strips. 

Divide the length a' d into three equal parts by the points i, J. 

From 1 and j draw lines to the point of distance, cutting a^d' 
in i', j'. 

At i' and j' erect perpendiculars, catting B o' in B and L. 
These will divide the perspec- 
tive view of the square verti- 
cally into throe strips, and these 
will become gradually narrower 
as they recede, although repre- 
senting spaces of equal width. 

Another method of dividing 
the square would be to draw 
diagonals. Then the lines e and 
F, cutting these, would give the 
X>oints through which the lines 
i", j' should pass. This method 
is only of use, however, where 
the figure to bo divided is a 
squarCf whilst the method shown 
is equally applicable to any 
parallelogram. 

Fig. 10. — ^'Ihis is an applica- 
tion of the foregoing figure, and 
roproBonts a wooden case divided 
into compartments. Having 
marked the point m, represent 
ing the distance of the front of 
the object from a, draw tho 
parallologram m n o F, which 
shows tho depth of the side of 
tho case. 

Draw tho perspective view of 
the front of tho case as in the 
last lesson ; then, instead of di- 
viding it into three equal parts, 
as in tho lino A' n in the pre- 
vious figure, sot off upon tho 
lino corresponding with a' b the 
spaces representing tho thickness of tho wood of which the 
carcase of tho case and the shelves ore made, and draw lines 
from those points to tho centre of the picture. 

Next sot off within tho space on tho picture-line which repre- 
sents tho real width of the lower edge of the cose tho thick- 
ness of tho sides of carcase, the upright partitions, and tlie 
distances between them. If^om these points draw lines to tho 
point of distance, which, cutting m c, will give tho points at 
which vertical linos are to be drawn. 

In this study the case is represented as square; but tho 
method of working would be tho same, whatever might be tho 
proportion of tho breadth to the height. 

Tho horizontal linos showing the junction of the sides of tho 
compartments will oompleto the object. 


Figv 17. — In this study only a poison of the picture-plane is 
used ; the centre of the picture being placed at one side, and 
tho point of distanoe at the other. 

The subject of tho study is a oube, placed first in the fore- 
ground, and then at different distanoes within the piotnre. 

Tho length from A to B represents the distance of the cube to 
the loft of the spectator, and b o' is the length of its edge. 

From o' and B draw linos to the centre of the picture ; and, 
as shown in Fig. 13 (1), the oube, as it moves baokwards at right 
angles to the pioture-plane, will travel in this track. 

From B set off D, equal to the side of the oube, and draw a 
line to the point of distanoe. This line drawn from J> will cut 
B c in d'; and a horizontal line from d' to out c o' in c" will give 
the distant edge of the ground-plan of the oube. 

It will next be advisable to draw the perspeotivo views of tho 
ground-plans of the two other views of the oube. 

From D set off D E, equi^ to the distance between the back of 
the first oube and the front of the second. Draw a lino from b 
to the point of distanoe, which, 
entidng BO in s', will give the 
position of the second cube ; 
and a horizontal line drawn 
from B', cutting o' o in b'', will 
be tho front edge of the pl^. 

It will thus be seen that b'b'^ 
represents o' b when it has re- 
ceded to tho given distanoe. 

Now a lino drawn from ic to 
the point of distance, cutting 
o' 0 in F, would be a diagonal of 
the square base of tho cube. 
Therefore ahorizontal line drawn 
from it would give f p', and 
complete the plan. But, as 
already remarked in the former 
figure, this method would apply 
to the square only ; and thoro- 
fore ano^er method is shown — 
viz., set off on the picture-line 
from B the real length of tho 
distant side, whatever that may 
ho. Tho point F is outside tho 
present figure ; hut tho line 
drawn from it to the point of 
distance will bo seen to out b g 
in f', which gives the position 
of the hack line of tho plan. 
The third plan is to be drawn 
in a similar manner — viz., by 
setting off from tho last point 
B on the picture-lino the distance 
of the next cube and the width 
of its side, and drawing lines to tho point of distance, cutting 
B o in a' and H. Then, as in the previous case, horizontal lines 
will give the front and book edges of the plan required. 

Now on o' B construct a square, representing the front of tho 
first cube ; and from tho two upper angles, 1 and J, draw linos 
to the centre of the picture. 

On e' e" and g o' erect perpendiculars, and these will bo cut 
by I c and j o at tho required height. Horizontals being then 
drawn at the points where the perpendiculars are cut off, will 
complete the fronts of tho two distant cubes. 

The perpondiculoTB d', p', and H will give tho distant edge of 
the side of each cube, and the position of the rest of the linos 
to complete the transparent appearance of the objects will bo 
readily understood from tho diagram. 



Exercise 8. 

There is a ease of sholves agaiust a wall : the case is 8 feet high and 
4 feet wide; it lias three shelves placed so as M divide the case into 
four equal spaces. The wood of which tho cnae and shelves ore made 
is 1 inch thick ; scale, 1 inch to the foot. The height of the spec- 
tator is 6 foot 6 inches, and his distance 15 feet. The front of tho 
object is to bo parallel to tho pioture-plane, at 6 feet on the left of the 
■peotator. 

Exercise 9. 

Give a perspective view of tlie same object when at 10 feet on the 
right of tho spectator, and 8 feet within the picture, when its front is 
at right angles to the pioture-plune. Height of spectator, distance, etc., 
the same os in the lost exercise. 


Exercise 10. 

Scale, } inch to tho foot. Height of spectator, 6 feet ; distance, 15 
feet. 

(1.) Put into perspective a cube of 4 feet edge, when its front ic 
parallel to the picture-plane, at 6 feet on the left of the siiectator, and 
5 feet within the picture. 

(2.) Put into perspective a onbioal figure 2 feet square nt base, and 
9 feet high, when at 8 feet on the right of the spectator, and 10 feet 
I within the picture. 

Fig. 18 is a cubical figure, or block of stone, which is much 
higher than tho eye of the spectator ; and for this reason tho 
top, of course, cannot be seen. In order, however, to account 
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for this appear- 
ance, the object 
is drown as if 
transparent, and 
thus the upper 
snrfaoo of the 
bottom and the 
under s^ace of 
the top\)eoome 
Tisible. The 
student is re- 
commended to 
work all his 
dguros in this 
way, as the in- 
terior lines act 
os a check on 
the exterior 
ones, and many 
inaoourooioB ore 
often thus dis- 
covered. 

In order tliat 
the student 
may test his 
present know- 




ledge of the method 
of working pursued, 
these figures are 
not lettered ; but 
all the working linos 
are clearly shown, 
and the construc- 
tion will now bo 
deaoribod. 

The base of the 
block is a square, 
and it is placed 07 i 
the loft side of the 
spectator, at a dis- 
tance which may 
bo assumed, or 
which would bo 
named in the ques- 
tion to be worked. 

Wliatever this 
distance may be, 
set it off on tho 
picture - lino from 
tho point imme- 
diately under tho 
centre of tho pic- 
ture ; and f rom this 
point again sot off 
tho width of the 
square base. 

From both tho 
last - mentioned 
points draw linos 
to the centre of tho 
picture; then from 
the first one sot off 
the real leng^th of 
the distant side of 
tho base, and draw 
t\line to the point 
of distance ; this 
will cut tho line 
drown from tho end 
of the front of tho 
base to tho centre 
of tho picture, and 
v/ill give tho point 
at which the hori- 
zontal lino forming 
the back edge of the 
plan is to be drown. 
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Now draw tho front elevation of the block of such height as 
may bo required, and from both the upper angles draw lines to 
the centre of the picture. The distant perpendicular is then to 
be drawn from the back angle of the base, and the interior lines 
will then follow in their places. 

Tig. 19. — This figure will afford further practice in placing 
objects in the distance, and the principle having already been 
fully expiainod in relation to the figures, it will merely bo neces- 
sary to pass rapidly through the directions for working this 
study. 

Having drawn the plan as in Pig. 18, mark off on the picture- 
line the distance between the columns ; draw lines from these 
j)ointB to the point of distance, and those, cutting the line 
drawn from the end of the front edge of the base, will give the 
positions for the bases of the distant columns. 

Ihrom these plans erect perpendiculars, which will be termi- 
nated by the lines drawn from the upper angles of the object in 
the foreground to the oontro of the picture, and these being 
connected by horizontal lines will complete the view. 


NOTABLE INVENTIONS AND INVENTORS. 

VIII,— rOTTEUT AND PORCELAIN. 

essential ingredients of pottery and porcelain are silica and 
alumina. Pottery is opaque, while porcelain is translucent. 
Wares of cither kind are soft and hard, distinctions which 
relate as well to the composition of the ware as to the tempora- 
tuTO at which it is made solid. Common bricks and earthen- 
ware vessels, pipkins, pans, and similar articles, are soft j while 
fire-bricks and crockery are hard. Soft pottery condsts of 
silica, alumina, and lime, and admits of being scratched with 
a knife or file. Stoneware is composed of silica, alumina, and 
baryta, and may bo regarded as a coarse kind of porcelain. 
Hard porcelain contains more of alumina and less of silica than 
the soft ; it is baked at a stronger heat, and is more dense. 
Soft porcelain contains more silica than the hard, and is also 
combined with alkaline fluxes, so that it may cosily be scratched, 
and it is loss able to resist a strong heat. 

Clay is so generally diffused, and is of such plastic nature, 
that articles made of it may bo said to belong to every people 
and to all times. Tho first drinking-ves.sels were, doubtless, 
HUii-bakod, and oonsoqucntly very destructible ; and it was not 
until the action of fire was discovered that pennanonco could 
be given to those articles. Tho sun-dried bricks of Egypt, 
Assyria, and Babylonia have, however, boon preserved to the 
present day, and “not only afford testimony to tho truth of 
Scripture by their composition of straw and clay, but also, by 
the hieroglyphics impressed upon them, transmit the names of 
a series of kings, and testify the exisicnco of edifices, all kjiow- 
lodgo of which, except for these relics, would have utterly 
perished. Thoso of Assyria and Babylon, in addition to tho 
same information, have, by tlioir cuneiform inscriptions, which 
mention tho localities of tho edifices for which tlicy were made, 
afforded the means of tracing the sites of ancient Mesopotamia 
and Assyria, with an accuracy unattainable by any other means. 
When the brick was ornamented, as in Assyria, with glazed 
roprOHontations, this apjDarontly insignificant but imperishable 
object has oonfirmod the inscriptions of tho walls of Babylon, 
wliich critical scepticism had denounced as fabulous. The 
Homan bricks have also borne their testimony to history. A 
largo number of thoso present a series of tho names of consuls 
of imperial Borne; while others show that tho proud nobility 
of tho Etertial City partly derived their revenues from tlie 
kilns of their Campanian and Sabine farms ” (Birch’s “Ancient 
Pottery”). Among tho Assyrians and Babylonians, clay was 
aisod as a material for writing on. The traveller Layard dis- 
covered in tho palace of Sennacherib a whole library of clay 
books, consisting of histories, deeds, almanacks, spelling-books, 
Tooabularioa, inventories, horoscopes, receipts, letters, etc. 
About 2,000 of those clay books of the Assyrians have been 
discovered : they are in the form of tablets, cylinders, and 
hexagonal piisms of terra-cotta. 

The -potter’s who<d, to give symmetry of shape to clay vessels, 
is represented on the Egyptian sculptures ; it is mentioned in 
Holy Scripture, and was in use at an early period in Assyria. 


The very oldest wares of Greece boar marks of having been 
turned upon the wheel. The art of firing the ware is also of 
the highest antiquity. Bemains of baked earthenware are 
common in Egypt in the tombs of the first dynasties ; and the 
oldest bricks and tablets of Assyria and Babylon, and remains 
of Hellenic pottery, bear evidence of having passed through the 
fire. As tho clay is by this process rendered porous, and in- 
capable of holding liquids, glaze must have been early em- 
ployed ; and numerous fro^onts testify to the use of enamels 
amongst the Egyptians and Assyrians, and glazing among the 
ancient Greeks and Homans. With respect to form, the Greek 
vases, by their beauty and simplicity, have become models for 
various kinds of earthenware ; while tho application of painting 
to yrares has transmitted to us much information respecting the 
mythology, manners, customs, and literature of ancient Greece. 
Even the Homan lamps and red ware illustrate in their orna- 
ments many customs, manners, and historical events. The 
largest vessels of clay formed by the Greeks were the casks, 
one of which — and not a iuh — was used by Diogenes for a 
residonco when ho begged Alexander to stand out of the sun- 
shine. These casks were too big xo be formed on a wheel, and 
so required groat skill in making. 

The ancient pottery has its distinctions of time and place, 
as between tho rude urns of the early Britons and tho more 
carefully finished specimens of their ^man conquerors. The 
simple, unglazed earthenware of Greece contrasts with the more 
elaborate Etruscan forms, the finest of which, however, are 
probably by Greek artists ; and tlio rod and black potteries of 
India contrast with the black and white potteries of NTorth 
America, the latter being interspersed with bivalve shells. 
Among tho ruins of Central America have been found specimens 
of pottery considerably in advance of the arts assigned to the 
ruins, namely, 1000 b.c. These specimens had been formed 
without tho assistance of the potter’s wheel ; but they are well 
baked, the ornaments are in different colours, and they are 
coated with a fine vitreous glaze, such as was unknown iii 
Europe until about the ninth century. 

Porcelain is of modern introduotioTi into Europe, but it was 
known in China more than a century before the Christian era. 
Tho Chinese improved their aid; during four or five centuries, 
and then, supposing themselves to have attained perfection, 
they allowed it to remain stationary. So cbmplotoly was the 
manufacture idontiliod with that nation, that, on tho introduc- 
tion of porcelain into Europe by the Portugucso in 1518, it 
received tho name of “china,” which it still partially retains. 
Tho Chinese continued to supply us with porcelain during many 
years. It was supposed that tho fire-clay, or kaolinc, used in 
its production was peculiar to China, and that it was, con- 
sequently, hopeless to attempt to manufacture porcelain in 
Europe. 

While the Chinese were improving their manufacture, the arl 
of making decorative pottery became lost in Europe. It was 
revived by the Mahometan invaders of Spain, whose tiles of 
enamelled earthenware are to be seen in the Moorish buildings 
of Seville, Toledo, Granada, and the Alhambra. They are of a 
pale clay, “ tho surface of which is coated over with a white 
opaque enamel, upon which the elaborate designs are executed 
in colours.’* Tho Spaniards acquired from the Moors tho art 
of manufacturing ona moiled tiles, and they still continue to bo 
made in Valencia. 

Tlio Hispano- Arabic pottery (as it is called from being 
adorned with AraVfic inscriptions) is tho prototype of tho 
Italian majolica, the enamelled ware of llaly, dating from the 
twelfth century. It is related that a pirate king of Majorca, 
about the year 1115, was besieged in his stronghold by an 
army from Pisa, and being vanquished, tho expedition returned 
to Italy laden with spoil, among which were a number of plates 
of Moorish pottery. They were not imitated urtil the four- 
teenth century, when specimens of majolica — so called from the 
island of Majorca — ^wero produced ; they resemble the Moorish 
examples in having arabesque patterns in yellow and green 
upon a blue ground. About tho year 1451 the manufacture 
had become celebrated at Pesaro, IJbe birthplQ.co of Lucia della 
Robbia, who is regarded by some as the inventor of this ware. 
His Madonnas, Scripture subjects, figures, and architectural sub- 
jects are refori*ed to by Mr. Marryat as “by far the finest works 
of art ever executed in pottery.” The manufacture of majolica 
fionriRhed during two centuries, under tlio patronage of the 
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houBO of Urbino, when the moat eminent artiata furnished 
designs. There is a tradition that Eaffoolle was ao employed, 
whence majolica sometimes passes as BaffaoUo ware.’* The 
moat celebrated dates twenty years after the death of Boffaelle, 
but his scholars used his drawings in oompoaing designs for 
tho finest specimens. The manufacture attuned its greatest 
celebrity between 1640 and 1560 ; the art then began to de- 
cline, and the introduction of porcelain — properly so called — 
helped to complete its downfall. Hero we may mention that of 
late years, majolica, in England especially, has brought “ fabu- 
lous prices.** The Bernal ooUeotion, dispersed in 1855, con- 
tained about 400 pieces of majolica ware, which cost Mr. 
Bcmal loss than ^1,000, but realised at the sale Jg7,000 ! 

Majolica prospered in France under the name of faience^ 
supposed be derived from the village of Faience, in the depa^- 
ment of Var, which, as early as the sixth century, was oelo- 
bratod for glazed pottery. The faience manufacture fiourished 
under the patronage of Catherine de Medici and her kinsman 
Louis Oonzaga ; the latter established Italian artists, who pro- 
duced enamelled pottery from native materials. This declined, 
but in the eighteenth century it recovered, and became cele- 
brated for tho brilliancy of a dark-blue enamel, with white 
patterns, upon a common ware. But tho pottery peculiar to 
Franco is ** Palissy ware,*’ whose inventor hod considerable diffi- 
culty in bringing his ware to perfection, though after sixteen 
years’ labour he, succeeded. His rustic pottery became the 
fashion of the day ; his stylo is quaint and singular, his figures 
are chaste in form, the ornaments and subjects — ^historical, 
mythological, and allegorical — are in relief and coloured. His 
natural objects, except certain leaves, were moulded from 
Nature. His shells are from tho Paris basin, his fish from the 
Seine, the reptiles and plants from tho environs of Paris ; tho 
colours are unusually briglit, and mostly confined to yellow, 
blue, and grey. He is “ a great master of the power and effect 
of neutral tints.” A favourite subject with him was a flat 
basin, or dish, representing the bottom of tho sea, covered with 
fishes, shells, sea-wced, pebbles, snakes, etc. 

Franco is also celebrated for its ware known as “Benais- 
aance,” or fine faience of Henri II., of which there are only 
twonty-SGVon pieces extant. The manufactory is conjectured to 
have been at Thouars, in Tourainc. Tao material is fine white 
pipeclay, seen through a thin, transparent, yellow varnish ; tho 
patterns are engraved on the paste, tho hollow being filled up 
with coloured paste, so as to resemble fine inlaying or chiselled 
silver work in niello. A single candlestick of this costly ware 
was sold some years ago for J&220. 

Holland, from its extensive trade with Japan, was induced to 
imitate Japanese porcelain. The chief seat of tho manufacture 
was Delft, and the wore was known and esteemed in the six- 
teenth century by its fantastic design, good colour, and beautiful 
enamel. Tho Japanese origin was seen in the monstrous animals, 
the three-ringed bottle, tho tall shapeless beaker, and tho large 
circular disli, which wore long regarded in Europe as favourite 
ornaments ; while the common articles were so generally distri- 
buted os to obtain the name of ” Delft ware,” — in Dutch, plated. 
These, however, have boon supplanted, oven in Holland itself, by 
tlio superior manufactures of England, and tho improvements 
introduced by Wedgwood in the making of pottery. About 
two hundred aTid fifty years ago, some Dutch potters establiahod 
themselves in Lambeth; and, by degrees, a little colony was 
fixed in that village, poaaessod of about twenty manufactories, 
in which were made tho glazed pottery and tiles consumed in 
London and other parts of the country. Here they continued 
to flourish till they were mostly superseded by the potteries of 
Staffordshire. 

In England, the first manufactory of fine cartlionwaro is 
said to have been erected in the reign of Elizabeth, at Stratford- 
le-Bow. This has long disappeared. The specimons pre- 
served are remarkable for their lightness. The well-known 
Shakespeare jug — said to have belonged to our great dramatic 
poet — is a good specimen of Elizabethan pottery. It is of croam- 
colourcd ware, divided lengthwise into compartments, each con- 
taining a mythological subject in high relief and of considerable 
merit. Pac-similes of this jug ore made at Worcester. The 
Elizabethan pottery nearly approaches in hardness that of fine 
stoneware ; it is dingy white, with quaint figures and foliage in 
relief. The Staffordshire potteries came into note in this roign ; 
some of the earliest BpecimCns are butter-pots of native brick- 


earth, glazed with powdered lead-ore, dusted on while the ware 
was in a green state. 

In 1854 a manufactory of earthenware was established at 
Fulham, specimens of which are still valued by collectors as 
“ Fulhi^ ware,” consisting of white gorges or pitchers, marbled 
porcelain vessels, statues, and figures. About the time of the 
Revolution, alo-jugs of native marl, ornamented with figures of 
white pipeclay, were introduced. During tho reigns of Anne 
and (leorgG I., on improved wore was made of sand and pipeclay, 
coloured with oxide of copper and manganese, forming the well- 
known “agate-ware” and “tortoiseshell-ware,” conferring on 
tho pottery the character of a hard paste, which was subse- 
quently 80 much improved by Wedgwood, and introduced under 
the name of “ queon’s-ware,” by permission of Queen Charlotte. 
Previous to this period the upper classes of Groat Britain ob- 
tained their poroolain from China ; while tho great bulk of the 
earthenware in domostio use was supplied by ^anoo, Germany, 
and Holland. To compete with these formidable rivals, Wedg- 
wood, with persistent genius, employed tho native materials 
which surrounded him in Staffordshire. He became a practical 
chemist, and improved the composition, glaze, and colour of his 
ware ; and he invited Floxman, the sonlptor, and other eminent 
artists to furnish him with designs. Among Wedgwood’s in- 
ventions are a terra-cotta resembling porphyry ; basalt, or 
black ware, which would strike sparks Hko a flint ; white por- 
celain, with properties similar to basalt ; bamboo or cane- 
coloured biscuit, jasper ; also a porcelain biscuit little inferior 
to agate in hardness, and used for pestles and mortars in the 
laboratories of chemists. He also imparted to hard pottery 
tho vivid colours and brilliant glaze of porcelain. He repro* 
duoed with very groat sucooss some of tho finest works of anti- 
quity; ho copied the Barborini or Portland vase, and, after 
executing fifty copies, destroyed tho mould. His finest produc- 
tions took rank with tho choicest works of Dresden and Sfevres. 
He greatly improved stoneware, which Franco manufactured 
before the sixteenth century ; and, in England, Dutch and 
Gorman workmen wore engaged in its manufacture at an early 
period. The mode of glazing by common salt enabled the stono- 
ware manufacturers to compete successfully with delft and soft- 
paste fabrics. Next, a very fine unglazed stoneware, with raised 
I ornaments, known as “rod Japan ware,” was made in England, 
after tho failure of many previous attempts. It appears that 
two brothers from Nuremberg discovered, near Burslem, a bod 
of fine red clay, which they worked at a small faotoi-y erected 
on tho bed itself. They endeavoured to conceal their discovery 
and their mode of working, but tho process soon becamo known. 
Their ware was fine in material and sharp in execution, the 
ornaments being formed in copper moulds. 


ANIMAL COMMERCIAL PRODUCTS.— XV. 

PEODtrCTS OF THE SUB-KINQHOM ANNUL 08 A. 

As for nearly a year tho queen bee does not lay any eggs des- 
tined to become queens, if any evil befall her during that time 
the hive is left without a queen. Her loss or death stops the 
work of tho hive, and, unless another queen is provided, the boos 
cither join another hivo or perish from inanition. After about 
two days, however, tho bees generally decide to provide them- 
selves with a queen, and this state of anarchy subsides. A few 
of tho workers repair to tho cells in which their eggs are de- 
posited, three of these colls are made into one, a single egg 
being allowed to remain in it. When this egg is hatched, tho 
maggot is fed with a peculiar nutritive food, called “ royal bee 
bread,” which is only given to maggots destined to produce 
queens. Work is now resumerl over the whole hive, and goes on 
as briskly as before ; on tho sixteenth day the egg produces a 
queen, whose appearance is hailed with delight, and who at 
once assumes sovereignty over tho hivo. 

If the old queen should survive, and tho young queens emerge 
from tho eggs last deposited by the old queen imdor ordinary 
circumstances, the workers do not allow them instant liberty, 
as severe battles would take place between them and tho reign- 
ing queen ; they are therefore kept prisoners in the cell, and 
fed through a small hole which is made in the coiling of their 
coD,’ through which these captive queens thrust their tongues 
and receive their food from the workers. In this state of con- 
finement the young queen bee utters a low complaining note 
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'wliioh has boon compared to singiug:. 'Wbon the old queen finds 
one of those captives, she uses every effort to tear open the cell 
and destroy her rival ; the workers prevent this, pulling her 
away by the legs and wings. After repeated attempts to pene- 
trate the cells and destroy her royal progeny, the old queen be- 
comes infuriated, communicates her agitation to a portion of 
her subjects, who, together with her, rush out of the hive and 
seek a now home. The queen and accompanying swarm gene- 
rally fly to some neighbouring re8ting-i)laoe, are observed by the 
owner, captured, plaood in a new hive, and a new colony is at 
once commenced, llio labourers that remain pay particular at- 


has been removed ; the melted wax is then strained and cas^ 
into cakes, which have a pale-yellow colour and a pleasant odour. 

White bees’ -wax is formed by exposing the yellow wax in thin 
slices or ribands to light, air, and moisture, and then re-melting 
and forming it into cakes. Wax candles are made by suspend- 
ing the wicks upon a lioop over a caldron of melted wax, which 
is snoceasively poured over them from a ladle till they havo ac- 
quired the proper size, so that tho candle consists of a serios of 
layers of wax ; the upper end is thou shaped and tho lower cut 
off. Wax is also much used in taking casts or moulds, and as 
an ingredient in cerates and ointments. It is of great value in 


tontion to the young imprisoned queens, and these, as they are I anatomy in representing normal or diseased structuros. Most of 


freed from con- 
finement, succes- 
sively load off 
fresh swarms, if 
the hive bo not 
enlarged. Each 
swarm contains 
not only the re- 
cently - hatched 
young bees, but 
also a portion of 
the old inhabi- 
tants. After the 
hive has sent off 
throe or four 
swarms, there 
are not enough 
bees leftto guard 
the royal cells. 
Tho young 
<luoon8 conse- 
quently escape, 
two or tUrco at 
a time ; a battlo 
ensues amongst 
them, and the 
strongest re- 
mains queen of 
tho hive, after 
destroying all 
tho royal larva) 
and pupiB that 
remain. 

According to 
Huber there are 
two varieties of 
working bees. 
Tho nurso-beoH, 
which continue 
in the hive, whoso 
office is to build 
the comb and 
feed the larva) ; 
and the oolloot- 
ing bees, which 
fly abroad and 
bring back to tho 
hive tho pollen 
and honey which 
they collect. This 
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our anatomical 
museums havo 
instructive pre- 
parations mode 
of this substance. 

In addition to 
tho large amount 
of wax, tho 
annual produce 
of our own hives, 
c onsid cruble 
quantities are 
received from 
Canada. Africa 
also sends us 
heavy supplies. 
About 100,000 
lb. are annually 
shipped from 
Madras. Alto- 
gether the total 
!innual importa- 
tion of wax into 
the TJnitod King- 
dom reached 
over 30,000 cwt. 
Above 2,000,000 
lb. of honey arc 
annually import- 
ed into tho Uni- 
ted Kingdom, in 
a<lditioii to tliab 
obtained from 
our own bee- 
hives. 

C 0 ch i n e n I 
{Coccus cacti).— ■ 
This valuable 
insect was firt-t 
introduced int<> 
Europe in 1-523 
from Mexico. It 
belongs to tho 
order Hcti Up tern , 
or half - winged 
insects. 

The culture of 
the cochineal 
insect has or- 
tended from • 


pollen is formed into little pellets, and packed on tho hind legs in 
the receptacle formed there for this object. Honey is also swal- 
lowed by the bee, which passes into the crop, whore it accumu- 
lates as in a reservoir, and on the return of the bee to tho hive 
is poi^d into a honey cell. When a pollen-laden bee arrives at 
the hive, she puts her two hind loga into a cell, and brushes off 
^0 pellets with tho intermediate pair. These pellets are kneaded 
into a paste at the bottom of the ooll. Tho softened kneaded 
pollen thus packed away is called ** boo-bread.” Besides honey 
and ^llon, bees collect a gum-resin called by Pliny jn'opoliSj 
principally from tho balsamic buds of tho horse-ohostnnt, birch, 
and poplar. This is used in closing up crevices in their hives, 
and in strengthening the margins of the colls of the oomb. 

Honey and Ww ore two valuable eommeroial articles for which 
we are indebted to the labours of the hive boe. Bees’ -wax is 
prepared by molting the oomb in boiling water after the honey 


New to the Old World, and it is now produced in India, Java, 
Algiers, and many ports of Europe. Tho cochineal iiuect is 
small, rugose, and of a deep mulberry colour. It feeds on 
several speeios of cacti. These insects are scraped from the 
plants into bags, killed by boiling water, and then dried in 
the sun. Those are preferred which are plump, of a silvery 
appearance, and which yield when rubbed to powder a brilliant 
crimson. It is estimated that 70,000 of these minute insects 
are necessary to make a single pound of cochineal. In 188G 
we imported 14,941 cwt. of ooohinoal, valued at i£95,688. 

The red colouring matters known by the names of carmine and 
lake are made from ooohinoal. Cochineal is used for dyeing 
scarlet, and is employed chiefly for woollen goods. The dye is 
obtained by fixing the oolonring matter of the insect by a mor- 
dant of alumina and oxide of tin, and exalting tho colour by the 
action of super-tartrate of potadi. 
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THE ELECTRIC TELEGRAPH.— VL 

CONSTRUCTION 07 SXNaLS-NSSDLS IN8TBUXENTS — THE 
COMMUTATOR — THE COIL — BWITCHEB — 8WIS8 COM- 
MUTATOR — MODE OF JOININO UP CIRCUIT. 

Besides the recralar mgrnalg we have already enumerated, there 
are always a few others to denote various speoial things ; but, 
as these do not form part of the universal code, and are oooa- 
sionally varied, we need not insert them here, but may pass on 
at once to explain in detail the meohanism of the instrument 
itself. 

This wiU easily be understood by reference to Fig. 23, which 
represents a back view of the interior of a single^needle tele* 
graph instrument, the outer case being entirely removed. No 
alarum is shown here, that being frequently contained in a 
separate case ; sometimes, however, for ^ sake of convenience, 
it is placed in the upper portion of the instrument-case, and 


stop, but these are connected with the binding-screw g. The 
spi^gB k and /, when not raised by the pin c, rest against the 
ends of a short piece of brass fastened to the support n, and 
thus are in metallic communication with one another. 

This, then, is the transmitting part of the apparatus, and 
above the commutator is seen the coil a, which is essentially 
the receiving portion. In its construction this is very similar 
to the ** detector *' referred to in page 255, being merely a 
delicate galvanometer, with the needle placed vertically. Two 
small oases are made of thin wood or pasteboard, allowing just 
sufficient room for the needle to swing freely within them. 
They are then carefully wound round with very fine copper 
wire covered with silk, so as to insulate the successive layers. 
Considerable care is required in winding these coils, as if the 
wires in the different layers run at all crosswise much of the 
power is lost. Both coils are wound in the same direction, and 
the ends are then connected, so as to make one continuous 
circuit round both. 


even then it is quite distinct from the rest of it. 

At the back of the base-board arc seen four binding-screws, it 
by which the in- 


strument is joined 
in circuit wi^ the 
batteries and the 
line. The wires 
leading from the 
positive and nega- 
tive terminals of 
the battery ore con- 
nected with two of 
these, marked re- 
spectively 0 and z. 
The terminal L is 
connected with the 
line - wire, and B 
with the earth- 
plate. 

The handle seen 
on the face of the 
instrument is se- 
curely fastened to 
the cylinder, a 6, of 
the commutator. 
This is made of 
some hard, dry 
wood, usually box, 
and is supported in 
front by the dial- 
plate, through 
which its axis 
passes, and at the 
back by the sup- 


Fig. 24. 



Fig. 26, 


Fig. 25, 


Fig. 28. 



The reason for having two separate coils is that it renders 
much more easy to put the needle in its place, one end of 

the axis being sup- 

“ needle to resume 


port M. In the 

figure it is shown in the position it occupies when the handle 
is pressed to the right, so as to send a beat in that direction. 
The barrel, or cylinder, has a metal ring at each end (a and b) ; 
these are perfectly insulated from one another by the dry wood 
between them. A brass spring, c, presses against the front 
one of these rings, and thus this end of the cylinder is in 
constant connection with the binding-screw z, through the 
medium of this spring and the brass strip leading from it. 

The other end of the cylinder is in metallic communication 
with the axle at that end of the cylinder, and thus, through the 
medium of the strip d and the spring which rises from it, with 
the binding-Borow o. It will thus be seen that, by means of 
these springs, the two ends of the cylinder become virtually the 
two poles of the battery. 

Two short pegs of stout wire are inserted in the metal 


its vertical position 

immediately the current is interrupted. The needles are held 
in their places by means of small nuts on each side of them, 
screws being out on the axis at the places where they are. 

The ends of the ooil are connected to the binding screws g 
and h, the latter being in communication with l by means of a 
brass strip. 

We are now in a position to trace the course of the current 
through the instrument, and i;n doing so shall understand 
clearly the purpose served by the different springs and strips 
of which we have been speaking. First of all, wc will suppose 
that a distant station is sending a message. In this case the 
batteries of the receiving station are not required, the only 
thing necessary being a direct path by which the current, as it 
arrives, may pass round the coils and on^to the earth-plate. 
This we shall see is the case when the handle is vertical. 


rings of the cylinder — one in the under side of the front ring, 
and the other on the upper side of the back ring. These are so 
placed as to be in the same plane as the handle in front. 

From E a strip of brass passes along the base, parallel with 
the cylinder, and is connected to a brass spring, A;, so arranged 
that when the cylinder is inclined in that direction the pin e 
shall come in contact with the spring and raise it. A stout 
piece of brass, t, is likewise connected with the strip, and this 
serves as a stop for the pin in a to strike against. 

On the other side of the instrument is a similar spring, /, and 

*24 — N.E. 


The current arrives by the line-wire, and reaches L ; it then 
travels along the strip to h, traverses the ooil, returning to g ; 
from this it passes up the strip /, across the piece of wire 
against which this reste to 1;, and thence to E and the earth- 
plate. In this way the line-wire and the earth-plate are 
virtually connected directly to the ends of the ooil, and for a 
simple receiving apparatus this is all that we need. 

Now let us trace the course of the current when we send a 
message. Let us imagine the handle to be turned to the right, 
as shown in the illustration. The pin e first of all raises the 
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pa rin g / off the sapport againit whi<^ it leans, the other pin 
then comes in oontaot with i. The current now passes from c, 
along d, to the axis of the commutator, thence, by e and /, to 
the screw g. It then passes round the coils, and retoms to h, 
whence it goes from ii along the line-wire, round the coil of the 
instrument at the further end, and back, by the earth, to z. 
The circuit is then completed by the stop i, the cylinder a, and 
the spring c. 

When the cylinder is turned in the other direction, the course 
of the current is from o, by d,e, fc, to the earth-plate, returning 
from L, by h, g, a, and c, to z, so that now it passes round the 
coil in the rererse direction, and accordingly deflects the needle 
to the left instead of to the right. 

When the instrument is not a terminal one, bnt in the middle 
of a oironit, l is usually oonneoted with the line-wire on one 
aide, smd z on the other. A switch is, however, oonneoted with 
the instrument, so that earth may be put on at either side at 
pleasure, and the instrument on that side is thus out altogether 
out of the circuit. 

Many different forms of switches are often employed for 
purposes similar to the above, and it is well, therefore, just to 
explain the principle on which they act. In Fig. 25 we have a 
figure of an ordinary peg switch, suitable for the case referred 
to. Three plates of brass are fixed upon a board in the manner 
there shown. One of these is placed in connection with the 
aarth-plate, the other two with L and z respectively. If, then, 
we want to receive a message from L, we can out off all stotions 
on the other side by inserting a brass peg in the ox)6ning a, 
which will make a direct communioati(m between z and the 
earth-plate. In a similar way we can out off the stations on 
the other side by inserting the peg in c; while if it be necessary 
at any time to cut our own instrument altogether out of oironit, 
without interfering with other stations on the same line, we 
can easily do so by inserting the peg in 5. In each case a much 
shorter path is provided for the current, and as it always 
travels idong that which offers least resistance, it takes this in 
preference to the route through the instrument. When any 
instrument is by any such contrivance cut off from the rest, it 
is said to bo ** short oirouited,*’ and an arrangement of this kind 
is very frequently employed. 

It not unfrequently happens that there are several different 
circuits between which oommuziioationa arc at times required 
to be made, and in this case the number or shape of the brass 
plates is altered so as to meet the special circumstances. 

Another oontrivanoe frequently employed for the same 
purpose is known as the “lever-switch," and will be under- 
stood from Fig. 2fi. The line-wire is oonneoted to a binding- 
Bcr^ on a strip of brass, B. A second strip, o, turns on a 
pivot at the end of this, and can at pleasure made to rest 
on the springs or studs, a, i, and z, which are oonneoted re* 
speotively with the alarum, the instrument, and the earth-plate, 
or any other pieces of apparatus. The current may therefore 
be nu^e to take either of* these courses as may be desired, and 
the number of pegs may be increased if needed. 

This switch is not so much employed as the peg-switch 
already described, since the number of combinations that can 
be effected by means of it is much more limited ; it is, however, 
simple in construction, and less liable to be left wrong by 
accident. 

In Fig. 27 we have a diagram showing the simplest form of 
itoort circuit that we can employ. The two wires are brought 
to binding-screws affixed to the brass strips b and c, and from 
these other wires lead to the instrument. Another strip of 
brass is attached by a pivot to B, so that when it rests on o a 
direct passage is provided for the current from b to c, but 
when in the position shown the current must pass through the 
instrument. 

When there are several iustnunents in an office, and several 
different lines of telegraph starting from them, various arrange- 
ments of this kind are almost indispensable. Very frequently 
the different wires ore brought to one part of the building, and 
oonneoted there to a series of binding-screws, each of wUoh is 
distinctly labelled. 

When there are several different oirenits, which have at times 
to be oonneoted, the “ Swiss Commutator," or “ Universal 
Switch," represented in Fig. 28, is found a very useful oon- 
trivanoe. A fiat slsh of some hard, dry wood is taken, and 
strips of brass are inlaid on eadh side of it, those on the npper 


side running in th^ reverse dizeetion to those on the lower. 
Holes are ihen drilled through these strips, as shown, and by 
inserting a spring brass peg in the proper one of these, a oom- 
mnnioation may be established between any one of the upper 
and any one of the lower oirenits. 

Many other contrivances of this nature are often employed, 
but we need not stop to refer to them in detail. 

In our next lesson we shall describe a simpler form of oom- 
mntator that is now adopted on many lines ; bat it will be 
best first to explain the method of joining np any circuit, that 
is, of making the proper connections with the batteries and 
line-wires. We will suppose that we have two stations with 
instruments, batteries, and line-wires all complete, and we want 
to establish the oommnnioation between them. 

First of all, let each derk oonneot the binding-screws L and 
z of his own instrument by means of a loop of wire, unless, as 
is frequently the case, there is an arrangement in the instru- 
ment for doing this by a short oironit. The battery wires are 
now connected to c and z respectively; sometimes there is a 
difficulty in determining which is the proper wire for each screw, 
bnt this is easily obviated. We have merely to connect one 
wire to each screw, and then turn the handle in front of the 
instrument. If the oonneotions are rightly made, the needle 
will move in the same direction as the handle is inclined. 
Should it move in the contrary direction, we at once know the 
wires are wrong, and have simply to reverse them. 

The loop of wire is now taken off, and the line and earth 
wires joined on ; the operator at the other end then sends a 
few deflections to the right, and we at once see if the wires 
have been rightly connected, and if they have not we reverse 
them. In this way all the connections are sure to be right ; the 
main point to remember is that we first of all make sure our 
own batteries are rightly connected, and then afterwards see 
to the line-wires. Bearing this in mind will frequently save 
considerable trouble and loss of time. 


NOTABLE INVENTIONS AND INVENTORS. 

IX~FOTTEEY POBCELAtN. 

Wz now come to porcelain, first produced in China, Japan, 
and Mexico. Bottles of Chinese manufacture have been found 
in the tombs of Thebes ; one of them inscribed with the date 
between 1575 b.c. and 1289 B.<>. Porcelain was common in the 
Chinese Empire 163 B.c., and in its greatest perfection 
1000 A.p. The porcelain tower near Nankin was erected in 
1400. This "vitreous, precious stone pagoda" was first built 
about A.D. 200, and rebuilt a.d. 1400, when it occupied nine- 
teen years in construction, and cost .£600,000. It was of nine 
storeys, thoqgh commonly reported thirteen, as it was intended 
to be of this number. Its height was 261 feet, and diameter at 
the base 96 feet 10 inches. There were in it 150 belle, and 140 
lamps. In 1856, Tien Wang, one of the rebel chiefs, wantonly 
blew up the page^a with gunpowder, some say to spite another 
Wang ; others, because he declared it to be too old ; the frag- 
ments of this remarkable edifice were left on the spot, and were 
carried away by the curious. 

So much for monuments that have forgotten 

Their very record.*’— Byron, 

Marco Polo describes the manufacture in China daring the 
thirteenth century. When specimens found their way to 
Europe, the Portuguese were so struck with the resemblance 
between the texture of this fine ware, and that of the cowry- 
shells, or porcellana, as they were colled, that they imagined 
the ware might be made of snob shells, or of a composition 
resembling them, and named it accordingly. They imported 
numerous and splendid oollootions into Europe, where it was 
called " china " from the country which produced it. The Dutch 
next established a traffic with India and Japan, and Europe 
was long supplied with porcelain through Holland. The English 
next shued in the trade, through the ^ust India Company. In 
Queen Anne^s reign china collections became a passion. Fokien 
now produced the pure white porcelain of oUna ; Nankin the 
blue and white and pale buff poiuelain ; and King-te-obing the 
did sea-green and crackle pox^ain. ^e ancient crackle is so 
much esteemed in Japan t^t £800 has been paid for a single 
specimen. The Chinese call this ware snake porcelain. The 
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egg*8h<iU porcelain is mnoh prised in China; it is oolonred 
cicron-yellow for the exclusive use of the Emperor, and mby 
for the use of the Imperial family. An inferior porcelain, 
kiio'vn as Indian china, is made at Canton. Chinese porcelain 
is of beautiful material and delicate texture, brilliant colour, 
and pure glaze ; but the forms and design are so hideous, that 
it has been said the vase of the humblest Greek potter of the 
best period has an msthetio value far surpassing the most 
mostly productions of the Celestial Empire. (“ Enoyolopmdia 
Eritannioa.”) 

The first successful imitation of Chinese porcelain produced 
in Europe was by Bottcher, an apothecary’s assistant, at 
Berlin; but he was suspected of practising the black art, 
and so escaped to Dresden, where, under the patronage of the 
Elector of Saxony, Augustus II., he made some vessels mnoh 
resembling Orient^ porcelain, from a brown clay found near 
Meissen, with a red^sh tint. To preserve his secret, the 
Elector sent him to the fortress of Kdnigstein, on the Elbe, 
where a laboratory was prepared for him. In 1707 he returned 
to Meissen. BOttoher hilherto produced only a kind of red 
and white stoneware, but in 1709 he succeeded in producing a 
white porcelain, which led Augustus to establish a manufactory 
at Meissen, and to appoint BOttoher the director. He em- 
ployed the kaolin of Aue in the Erzebirge for his porcelain, 
the secret of which was kept for some time. This kaolin 
powder was conveyed in sealed barrels, and all persons in the 
factory were sworn to secrecy. No visitor was admitted, the 
oath to the workmen was renewed every month, and when the 
king was allowed to enter the factory, a similar obligation was 
imposed on him. In each room was set up the motto, in large 
letters, “ Be secret unto death.” At length, just before the 
death of B5ttoher in 1719, a foreman escaped from the factory 
to Vienna, where he submitted to be bribed, and rival factories 
soon sprang up in different parts of Germany. Among the 
finest Meissen wore are groups from antique m^els, figures in 
lace dresses, flowers studied from Nature, and vases of honey- 
comb china. 

The first rival of Meissen was the porcelain factory of 
Vienna, established in 1720, but its porcelain holds a lower 
rank than that of Dresden or Berlin ; it is remarkable for its 
raised and grilded work, and reliefs of solid platinum and gold. 
Next, at HOohst, on the Nidda, arose a celebrated pottery, the 
director of which carried his recipes about with him, but of 
which he was plundered, and the secret sold ; hence originated 
the porcelain factories of Switzerland, of the Lower Bhine, and 
oven of Oassel and of Berlin. The Fiirstenburg works, in the 
Duchy of Brunswick, originated in a bribe offered by one of 
the dukes to a Hdchst workman. The ware of the factory of 
Nymphonberg, in Bavaria, is much esteemed, many of the 
designs being from the celebrated picture-gallery of Munich, 
The porcelain factory of Berlin was not very successful until 
the fradulent transference of the best of the workpeople and 
the matSHel of the Meissen factory. The Berlin porcelain 
was but an imitation of the Dresden, but it yielded the King 
nn annual revenue of 200,000 crowns. The Prince-Bishop of 
Fulda established a factory in a house a^oining the episcopal 
palace, but it failed through the dignitaries of the church 
claiming the privilege of carrying off specimens without paying 
for them. The porcelain factories of Thuringia originated 
about 1758, when the son of a chemist experimented on some 
sand which he had bought of an old woman, and obtained by 
its means a porcelain-like substance, which led to the erection 
of a factory at Sitzerodo, sanctioned by the Prince of Sohwarz- 
burg. The abundance of fuel supplied by the forests of 
Thuringia led to the erection of several other factories, all 
which produced porcelain still prized by oollectors. A factory 
established by the Empress Elizabeth, in 1756, near St. Peters- 
burg, stUl produces good porcelain from native materials. 
Denmark has also a factory at Copenhagen, and Switzerland 
one at Zurich. 

Meanwhile, England had been striving in the porcelain 
manufacture. The Bow works, closed in 1762, have been 
already mentioned. The mark is a crescent or bow ; it is scart^, 
but never fine. This and the Chelsea were soft wares, made 
from a mixture of white clay, white sand from Alum Bay, and 
pounded glass. The Chelsea works, in an old mansion by the 
Thames bank (ol which we have seen a view upon a flue 
Chelsea vase) did not flourish until George II. imported 


workmen, models, and materials from Brunswick and Saxony. 
The best period of Chelsea porcelain was between 1760 and 
1755, when such was the demand for it that dealers flooked to 
tho works, and at the doors purchased pieces as soon as they 
were fired. A service sent as a royal present cost 161,200. 
The finest works were in the style of the best German ; the 
colours fine and vivid, and the claret colour peculiar. 

At the Chelsea ovens, the celebrated Dr. Johnson, who had 
conceived the notion that he was possessed of a secret for 
making porcelain, obtained permission to have his compositiona 
baked here, where he watched them day by day ; he was not 
allowed to enter the mixing-room, and roughly modelled his 
composition in a room by himself. He failed, for none of the 
articles he formed would bear the heat of firing. He conceived 
that one simple ingredient was sufficient to form the body of 
porcelain ; whereas, the manager of the factory declared that in 
the composition of the Chelsea paste no than sixteen 
different substances were blended together. The Chelsea 
works were discontinued in 1764, when the manufacture was 
removed to Derby, and the ware was called Chelsea-Derby. 
It has the mark of a D, crossed by an anchor ; it is very 
beautiful, but dear as sUver. Nearly opposite Chelsea were 
the Battersea enamel works, at York House, where Havenet 
and others drew for Alderman Jansen, but the factory was 
soon closed. 

The Derby factory was established in 1760, and became most 
famous by the junction of the Chelsea artists already named. 
Flaxman designed for tho establishment. The Worcester works 
were established in 1751, by Dr. Wtdl and some others. They 
first imitated blue and white Nankin china; they afterwards 
adopted the S5vres style, with the Dresden method of painting. 
At these works was first used the Cornish stone, or kaolin, 
discovered in 1768. Shropshire has long been famous for its 
porcelain factories. In 1772, at Caughley, near Broseley, was 
established the factory, chiefly for blue and white, and blue, 
white, and gold porcelain, known as Salopian ware. At Coal- 
port, earthenware is made similar to the Etrurian or Wedgwood 
wore, of which we have already spoken. The Staffordshire 
works are concluded to bo of Roman origin, evident remains of 
Boman potteries having been repeatedly ffiscovered at a con- 
siderable depth below tho present suriaco. The county is 
unrivalled in amount of production of pottery. Early in the 
present century good porcelain was made at Nantgarrow and 
Swansea ; it is also stated that the Bristol china, a white ware, 
formerly common in the west of England, was made in Wales, 
and sold in Bristol. At the Bookingham works, in 1887, was 
completed for William IV. a 'superb dessert service of 200 
pieces of porcelain, painted with 700 subjects ; it had occupied 
five years, and cost upwards of 3,000 guineas. From the same 
works we have seen a fao-simile of a small Boman jug, dug up 
at Caistor, in Lincolnshire, of which the ground-colour was red, 
with raised ornamentation of fern leaves of darker rod. 

The first establishment in France was formed in the castle 
of Vincennes, whence, in 1756, it was transferred to Sevres. 
In 1760, Louis.XV., at the solicitation of Madame do Pompa- 
dour, bought up the establishment. Tho factory became 
celebrated for its soft porcelain, or pate tendre; but the great 
object was to produce the hard porcelain, which had rendered 
Saxony the envy of Europe. Then kaolin was not known in 
France, nor was its presence suspooted until, about 1768, the 
wife of a surgeon, near Limoges, noticed there a white unctuous 
earth, which she tried to use as an economical substitute in her 
house for soap. Her husband showed a portion of the earth to 
an apothecary at Bordeaux, who, being aware of the search 
making for kaolin, sent a specimen of the Limoges earth to tho 
chemist Maoquer, who at once recognised it as tho desired 
kaolin. He then established the manufacture of hard porce- 
lain at Sevres, in 1766. In form the Sevres china is not equal 
to the Dresden. Such was its profuseness of decoration that 
a law was passed in 1769, and renewed in 1784, limiting the 
use of g61d in the decoration of porcelain at tho royal manu- 
factory at S5vro8, which accounts for the rarity of the old 
French gilded porcelain. This being a royal estobliehment, ^1 
Sevres porcelain had on its under surface an initial mark in 
blue, surmounted with the French crown. 

In Italy a factory was established at Decoia, near Florence, 
early in the last century. Venice also manufactured porcelain, 
until 1812; but the most famous manufactory in Italy is tho 
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O&po di Monti} ftt Naplds, founded by Charles III.} in 1736. 
This sorereign appears to have exceeded the royal amatenrs of 
Europe in his cultivation of the ceramic art, and he even sur- 
passed Augustus III.} who was nicknamed by Frederick of 
Prussia the Porcelain King,*’ from his having exchanged a 
whole regiment of dragoohs for some huge useless china vases. 
Charles ill. even worked in the factory with his own hands, 
and held an annuid fair in front of the royal palace at Naples, 
whore was a shop for the sale of the royal productions ; and 
there was no more certain road to the king's favour than in 
becoming a purchaser. When Charles became King of Spain, 
he founded a factory at Madrid, which was destroyed by the 
fVenoh in 1812. His successor, Ferdinand, sanctioned the 
erection of other porcelain works^and even allowed the royal work- 
men to assist in their formation ; they appear to have robbed the 
parent factory of its gold and silver m^els and other valuables. 

The porcelain of Capo di Monti was not, as is commonly the 
case, an imitation of the art of some rival factory. Its beauty 
and excellence are duo to the design, from shells, corals, em- 
bossed figures, etc., artistically moulded in high relief. Mr. 
Marryat regards the tea and coffee services of this ware as 
perhaps the most beautiful porcelain articles ever produced 
in Europe for transparency, thinness of the paste, elegance of 
form, and gracefully twined serpent handles ; as also for the 
delicate modelling of the ornamental groups in high relief, 
painted and gilt, contrasting well with the plain ground. Its 
manufacture was conduct^ with the greatest secrecy. The 
modelled figures of Capo di Monti ware are very life-like; 
whole scenes are wrought, all in one dull tint of stone, with 
nothing but the modelling to attract ns. Nothing has ever 
been produced so life-like. If one could be quite sure as to 
the extent of the firing which they have undergone, it would be 
difficult to praise them too highly. 

The prices paid for very fine porcelain are necessarily high. 
A Sevres service of a good period has cost 30,000 livrea. Mr. 
Minton received jS 1,000 for his service of turquoise and parian ; 
the Marquis of Hertford gave JB 1,000 for two vases; and Lord 
Ward j 6I,500 for a dessert service of Sdvrea. In the Bulteel 
colloction of rare old porcelain, lately sold, were an old Chelsea 
vase and cover, whioh brought 355 guineas; an Oriental 
enamelled cistern, 295 guineas ; old Sevres cups and saucers, 
and plateaux, from 50 to 221 guineas ; old Sevres cabarets, 
375 to 585 guineas ; a pair of old S5vrea vases, 765 and 660 
guineas; and three old b^vres vases, 1,350 guineas. Such 
works 08 these belong, however, rather to the fine arts than the 
useful arts. Abetter taste has, however, grown more evident 
in pottery and porcelain in every-day use, as the people have 
become more familiar with the beautiful forms of antiquity, 
and art schools have been established, hence jugs sold for a 
few pence each are even of classic forms. The barbarous style 
of ornament, too, brought from China, has been superseded, 
the old willow pattern” has descended from the dining-room 
to the kitchen, and a true taste for classic ornamentation is 
extensively oherlahed. The choice vessola of Etruria, Hercu- 
laneum, and Pompeii are imitated in Staffordshire, with oopies 
of Bomau pottery introduced into England more than two 
thousand years since. In articles of ornament we become 
familiarised with some of the finest works of Greek art, of 
whioh almost every ohimney-pieoo bears evidence ; whilst the. 
grotesque vulgarities which delighted our forefathers ore 
supplanted by fao-similes of sculptural triumphs that have been 
and will oontinne the admiration of ages. 

The Porcelain Book of China is situated in the King-te-ohin 
district, where the Chinese have made nearly all their porcelain 
for about 3,000 years. The rook is reduced to powder, and 
made into bricks of two kinds, one being called ** kaolin,” and 
the other ” petuntse,” the supposed equivalent of Cornish 
china stone. The British porcelain clay, kaolin, exists as a 
soft imperfectly-formed variety of granite, and the china-stone, 
** petuntse,” is a more talcose rock. 

The porcelain clay used in English works is obtained in 
Cornwall, and shipped in large quantities. The shipments in 
the year 1869 oomprised 105,700 tons of kaolin, commonly 
called china oiay ; and 28,500 tons of cnina stone. Devonshire 
produced 56,200 tons of clay in 1809. 60,210 tons of olay were 
exported from Poole in the year, one-third of It for London, and 
nearly another third for America ; the total being 2,000 tons 
more than in the preceding years. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.— VL 

To construct a smi^elUpticoX arch, qf which a Bis the span, 
a/nd c D the height (Fig, 56). 



Divide c A and c b into any number of equal parts. 

Divide A B and B f into a oorresponding number of equal parte. 

Number the parts as in the figure. 

Produce d c, and make c a equal to c B. 

From D draw lines to the points 1, 2, 8, 4, 5, in the lines 
B A and F B. 

From a draw lines through the points 1, 2, etc., in the line 
AB, and produce these lines until they out those of corre- 
sponding numbers drawn from D to the points in the lines B A 
and F B. 

Thus — a 1 will out d 1 in a. 
o 2 „ D 2 in 5. 

0 3 „ D 3 in c. 

Q 4 „ D 4 in d. 

a 5 „ D 5 in e. 

The curve is to be drawn through these intersections. 

Strictly speaking, no portion of an ellipse is a part of a 
circle, and the curve cannot therefore bo drawn with compasses 
so as to be mathematically correct ; but there are many ways 
in whioh figures nearly approximating to ellipses may be drawn 
by arcs of circles ; and among these the following is given r — 

To construct an elliptical figure hy meams cf two squares^ 
ABDC, BDBF (Fig. 57). 



Draw diagonals in each of the squares, intersecting each other 
in o and h. 

From B, with radios B c, describe the arc 9 b. 

From D, with the same radius, describe the arc A F. 

From o, with radius a c, describe the arc c a. 

From B, with the same radius, describe the arc B F, which 
will complete the figure. 

THB 8FIBAL. 

The spiral is a curve, which makes one or more revolutions 
round a fixed point, but does not return to itself. 

To construct a spiral of one revolution (Fig. 58). 

Describe a circle, using the widest limit of the spiral as a 
radius, as A xii. 

Divide the circle into any number of equal parts, as i to 
XII, and draw radii. 

Divide one of these radii, as A xn, into a oorreaiKmding 
number of equal parts, as 1 to 12. • 
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fVom the centre, with radius A 1, describe an arc cutting the 
radius i in B. From the centre, continue to describe arcs from 
points 2, 3, etc., cutting the corresponding radii n, iii, etc., in 
the points o, D, e, f, a, h, i, j, k, l. 

From xn trace a curve passing through all these points, 
which will be an Archimedes' spiral of one revolution. 



It will interest onr students to learn that Archimedes, the 
most celebrated of ancient mathematicians, was bom at Syra- 
cuse, B.o. 287. He cultivated particularly the branches of 
science relating to the areas of curves and sections of curved 
surfaces. He proved that the area of a circle is equal to half 
the rectangle contained by its circumference and radius, and 
showed how to approximate, as near as may be required, to the 
quadrature of a circle. The spiral was invented by Conon, but 
its properties having been demonstrated by Archimedes, it is in 
honour of him called by his name. 

To describe a spiral oj any number of revolutions — in this 
case three (Fig. 59). 



Divide the circle into any number of equal ports, as i to 
XII, and draw radii. 

IMvide one of the radii, as A xu, into a number of equal 
parts, a' b' c', oorrespon^g with the required number of 
revolutions. 

Divide each of these into the same number of equal parts as 
there are radii — vix., 1 to 12. 


It will bo evident that the figure consists of three separate 
spirals — one from xii to </, another from o' to b', and another 
from b' to a'. 

Ck)mmenoe, as in the former spiral of one revolution (Fig. 
58), by drawing arcs from the points 1, 2, 8, etc., to the 
correspondingly numbered radii, thus obtaining the points 
marked with the largest capitals; and the first revedution 
having been brought up to O', proceed in the same manner 
to draw arcs from the points 1, 2, 3, etc., contained between 
B'and cutting the corresponding radii in the points marked 
with the italic capitals, and draw the curve through these 
points, thus reaching b'. 

Proceed in the same manner to draw arcs from the points 
between b' and A', thus obtaining the points marked with the 
smallest capitals, and tlio spiral may then be brought up to the 
centre. 

To describe a spiral adapted for the volute of an Jontc column, 
by means of quadrants (Fig. 60). 

Divide the given height into eight equal parts. 

From 3 and 4, draw lines at right angles to A B. 

Between these two lines describe a circle (the eye of the 



volute), the centre being at a distance from A b equal to four of 
tho divisions. Inscribe a square in this circle. Bisect the sides 
of this square, join the bisecting points, and thus a smallor 
square will be inscribed in it. 

Divide each of tho semi-diagonals into three equal parts, join 
these points, and two more squares will be formed within the 
former one. 

The quadrants are drawn in rotation from the angles of each 
square, commencing at 1 with radius I c. 

The next is drawn from 2 with radius 2 l>. 

Tho next „ 3 n 3 £. 

The next „ 4 „ 4 F. 

The process is then continued from the inner squares. 

THE INVOLUTE (Fig. 61). 

If a perfectly flexible line is supposed to be wound round any 
curve, so as to coincide with it, and kept stretched as it is 
gradually unwound, the end of, or any point in the line will 
describe .or trace another curve, called the involute of the curve 
— ^being in reality the opening out, or unrolling, of the periphery 
of the first curved surface. 

Thus, if a circular piece of wood were fastened on a board, 
and a string equal to toe circumference fastened by one end to 
it and rolled round it, a pencil placed in a loop in the end of 
the string would, as the string is gradually unrolled, trace tho 
involute. 

The circle (or other original curve) is called tho evoluta. 
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To eofiBtruct tJhe involute of the circle A (F4r> 61). 

Bi^de the oirdie into any number of equal (1 to 12), 
and draw radii. 

Draw linea (tangents) at right angles to these radii. 

On the tangent to radios No. 1, set off a space equal to one 
of the parts into which the circle is divided ; and on each of 
the tangents set off the number of parts oorreiq>onding to the 
number of the radius. Tangent No. 12 will then be the droum- 
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ference of the circle unrolled, and the curve drawn through the 
extremities of the other tangents will bo the involute. 

THB CYCLOID (Fig. 02). 

If a mark were to bo made with chalk on the iron tire of a 
wheel at the exact spot whore it touches the ground, the white 
mark, as the wheel rolls along a level road, would bo observed 
to move in a peculiar form, which is called the “ cycloid “ curve ; 
whilst the centre of the nave of the wheel (i), although moving 
onward, would travel in a horizontal lino, that is, it would keep 
exactly the same distance from the ground, however* far the 



When the wheel is at d, its centre is at i, and the point A is 
at A 1. 

When the wheel has moved to c, the centre will bo at ii, and 
the point A will be at A 2. 

When the wheel has moved on to D, the centre will be at iix, 
and the point A will be at A 3. 

When the wheel has moved on to E, the centre will be at iv, 
and the point A will be directly over it, viz., at a 4. 

When the wheel has moved on to r, the centre will be at v, 
and the point A will be at A 5. 

When the wheel has moved to a, the centre will be at ti, and 
the point A will bo at a 6. 

'V^on the wheel has moved on to H, the centre will be at vii, 
and the point A will be at A 7. 

It will thus be clearly seen that the wheel in moving from 
A 1 to A 7 has passed completely through one revolution, and 
therefore that the length of the line a 1 to a 7 is equal to the 
oiroumferenoo of the circle laid out on a straight line. 

The straight line on which the wheel rolls is called the director. 
The wheel is called the ffcnerating circle, and the point A is 
callod the generator. 


TEGETABLE COMMERCIAL PRODUCTS.-~XIL 

(b) VOLATXLX OB X88BNTXAL OILS. 

Thbse oils occur in the stems, leaves, flowers, and fruits of 
most sweet-scented plants, whence they are obtained by distilla- 
tion. In this respect they differ from the oils already described, 
which are found only in the seed, obtained by expression from 
the same, and do not evaporate; hence the latter have been 
called fixed oils. The difference between fixed and volatile oils 
is easily shown. A drop of any fixed oil — such as olive oil, for 
instance — ^loaves a stain on paper which is permanent ; but a 
drop of any volatile or essential oil — as, for example, oil of berga- 
mot — makes a similar stain, whioh evaporates and disappears. 

To obtain essential oils, the leaves, flowers, or other parts of 
the plant are put into an apparatus for distillation. This always 
consists of a boiler in which the vapour is raised, and a con- 
denser in whioh it again becomes fluid. For distillation on a 
small scale, a common retort and receiver answer every purpose, 
care being taken to keep the receiver cool, by placing it in cold 
water. When the water boils, the steam passes through the 
retort into the condenser, whore it is re-converted into water, 
the essential oil floating on its surface ; this is skimmed off, and 
afterwards purified by filtering. But the perfume of most flowers 
depends on the presence of a fragrant volatile or essential oil, 
poouliar to the plant. When, therefore, we obtain this oil, wo 
really get the essence of the plant, or the essential principle 
which makes it valuable; and although the plant may be an 
annual, and perish, together with its fragrance, in a few weeks 
or months, yet, if wo extract the oil, we can retain the essence 
of the plant as long as we please. The following are the most 
important of the essential oils which occur in commerce : — 

Oil of Lavsndxb, from Lavandula spicata, L. ; natural order, 
Labiates. — Large quantities are raised at Mitcham, in Surrey ; 
but it is also imported from France and Germany. 

Oil of Thyme, from Thymus vulgcms, L. ; natural order, 
Labiates. — This oil is distilled from all ports of the plant. It 
comes into this country from Hamburg and from the United 
States. It is used in scenting Windsor soap. 

Oil of Peppeemint, from Mentha piperita, L. ; natural order, 
Labiates. — Besides that raised and manufadnired at home, we 
receive largre quantities from Germany and the United States. 

Oil of Anise, from Fimpinella anisum, L. ; natural order, 
UmbellifereB. — This plant is a native of the Levant, whence a 
grreat deal of the anise of commerce is derived. It is also much 
cultivated in France, Naples, and Germany — particularly in 
Thuringdo and Swabia. We receive considerable importations 
from Germany and the East Indies ; but those sorts coming 
from Spain, Apulia, and Malta, are considered in commeroe to 
be the most valuable. 

Oil of Caeawat, from Carum carui, L. ; natural order, 
Umhelliferee. — ^The best caraway oil comes from Malta, Naples, 
and Alicante in Sjmin. Small quantities are received from 
Germany. Much more, however, is home-manufactmred and 
exported. 

Cinnamon, clove, cassia, and pimento yield essential oils, to 
whioh reference has already been made in treating of those 
species ; oil of bergamot, oil of lemons, and Neroli oil, or oil of 
orange flowers, have also been mentioned in connection with 
those fruits. 

Oil of Boses, Attae of Boses, or Otto op Boses, is 
distilled from the petals of Rosa centifolia, L., Rosa gallica, L., 
and numorons other species of rose. The attar of roses is pre- 
pared in Persia and other Asiatic countries ; but, with all the 
aids of science, the process still remains unknown to Europeans. 
Some idea of its costliness may bo gathered from the fact that 
100,000 roses must be distilled to yield 180 grains, or three 
drachms of pure attar. Five guineas have often been paid for 
one ounce of this essence. It is the favourite perfume of the 
civilised world, and in the East is a most essential luxury. In 
Cashmere the harvest of rose leaves is celebrated as the festival 
of the year. Its description is well known in the exquisite poetry 
of Moore, 

III. TINCTOBIAL PLANTS, OB PLANTS FUBNISHINO 
VALUABLE DYES. 

The clothing whioh is furnished by the textile plants and the 
sheep* s wool would be of one dull uniform hue, if it were not 
for the valuable dyes furnished by the tinctorial plants. At 
first the colours of plants, when transferred to olothu^, imparted 
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onlj a temporary beauty ; lor the art of fimag then^ or uniting 
them permanently with the cloth, by means of mordants, was 
unknown ; but experiments long and carefully conducted, 
Nature has been interrogated successfully, and we are now able 
to render these colourB fast, or permanent, thus enriching our 
silken, woollen, linen, and cotton manufactures with an almost 
endless variety of beautifully-coloured designs. It is impossible 
to mention even the names of the numerous plants which furnish 
materials for the dyer. Only a few, and those the most common 
in the commercial world, can be noticed. ^AIl the parts of 
plants famish these dyes ; sometimes it is the root, or the wood 
of the stem ; sometimes the leaves, flower, op fruit, 

Alkanbt Boot {Anchusa tinctoria^ L . ; natural order. Bora- 
ginacecB). — A perennial herbaceous plant, with rough, oblong, 
lanceolate loaves, a stem about a foot in height, purplish flowers, 
and a long woody root, with a deep red bark. It is a native of 
the licvant, and is much cultivated in Germany and the south 
of France, particularly about Montpellier, for the sake of the 
rod colouring matter contained in the bark of the root, easily 
obtained by soaking the root in alcohol or oil. It is used for 
colouring ointments red, especially lip-salves ; it is also employed 
as a dye, to colour gfun-stocks and furniture in imitation of 
rosewood. Alkanet root comes to this country in i)aokagea, 
weighing about two cwt. each, chiefly from Germany and Franoe. 
About eight to ten tons are annually imported. 

Sumach (Rhus coriaria^ L. ; natural order, Anacardtace®). 
— ITie sumach of commerce is the crushed or ground loaves of 
this plant, imported from Sicily. This matericd is valuable for 
tanning light-coloured leather, and imparts a beautiful bright- 
coloured yellow dye to cottons, which is rendered permanent by 
proper mordants. In 1886, 13,083 tons of sumach were im- 
ported into the United Kingdom. 

Arnotto (Bixa orellana^ L. ; natural order, Flacourtiacew). 
— This is a small evergreen tree, indigenous to tropical America, 
and now cultivated in the East Indies. It is called Roucon by 
the French, and the Orleans tree by the Germans. The first 
South American settlers noticed the brilliant and showy colour 
obtained from its berries, on the bodies of the Indians, by 
whom it is called hiaea or hija^ and not only used it themselves, 
but speedily converted it into an article of commerce. The 
arnotto tree grows about twelve feet in height ; its leaves are 
smooth and heart-shaped, and its pink-coloured flowers are 
followed by oblong bristled pods, somewhat resembling those of 
the chestnut, at first rose-ooloured, but changing as they ripen 
to dark-brown. On bursting open, these pods show in their 
interior a splendid crimson farina or pulp, in which are contained 
ten or twelve seeds, in colour somewhat resembling coral beads. 
The arnotto of commerce is prepared from this crimson pulp. 
By maceration in hot water the seeds are separated from the 
pulp, which is then made into balls or cakes of two or throe 
pounds' weight ; these, when dry, are wrapped up in largo loaves, 
and packed in casks for exportation. Another kind — the roll 
arnotto — is of a much superior quality. It is a hard extract, 
and contains a much greater proportion of colouring matter. 

Good arnotto is of the colour of fire, bright within, soft to 
the touch, and dissolves entirely in water. It is used in Holland 
for colouring butter, and in Cheshire and Gloucestershire for 
dyeing cheese (under the name of cheese-colouring), to which it 
gives the required tinge, without imparting any unpleasant 
flavour or unwholesome quality. Flag or cake arnotto comes 
from the West Indies, especially from the island of St. Domingo 
or Hayti. Boll arnotto is principally brought from the Brazils. 
The rolls are small, not exceeding two or three ounces in weight. 
Arnotto is also used to dye silks and cottons, especially to form 
the colour called aurora. It is much to be regrretted that the 
beautiful orange and gold-coloured dyes yielded by this plant 
are fugitive, and become discoloured in the sun. The bajrk of 
the arnotto tree makes good ropes, available in the West Indies 
for common plantation uses. It is not uncommon to find that 
tropical trees are capable of being put to a wide variety of 
uses. 

Myrobauaks (Ternvmalia ch^ula^ L. ; natural order, Cont- 
bretaceop). — This dye is obtained from a small tree indigenous to 
British India, and closely allied to the myrtle. All the species 
of Terminalia have astringent properties. The fruit and galls 
of this tree are very astringent, and much valued both by dyers 
and tanners. The fruit is about the size of a date, pointed at 
the ends, and of a yellowish brown. The myrobalans of com- 


merce are. probably derived from more than one. species. With 
alum they give a durable yellow colour. Myrobalans are now 
an important item in our commerce with India. We receive 
them from Calcutta and Bombay. IHie avomge annual imports 
exceed 600,000 owt. 

Saftlowsb {OarthamuB tinctovius^ L. ; natural ordefi Obm- 
positae ). — ^This plant fumishea a beautiful rose colour, which is 
used for silks, cottons, and the manufacture of rouge. Safflower 
is an annual herbaceous plant, somewhat resembling a thistlo, 
to which it is allied. The leaves are ovate-lanceolate, somewhat 
spinous, alternate, sessile ; flowers yellow. 

The safflower is a native of the Levant, and is cultivated in 
China, India, and in the south of Europe. The dye is obtained 
from the florets. These are gathered, pressed into little cakes, 
dried, and then packed in strong bales, weighing about 2 owt. 
each. As found in commerce, those cakes consist of flaky 
masses of a red colour, intermixed with yellow filaments, the 
former tint being due to the corolla, and the latter to the stamens. 
The flowers thus contain two colouring principles, one yellow, 
soluble in water, and the other rose-red, called carthamine, or 
carthamio acid, soluble in alkaline solutions ; this latter, when 
precipitated from its solution, dried, and mixed with finely pow- 
dered talc, oonstitutcB rouge. It is the carthamio aoid which 
renders the safflower valuable as a dye. The greater portion of 
the safflower imported into England comes from Persia, Egypt, 
and the East Indies. 

JjOawooTi (H(mnatoseylon campeac7aanu«i, L. ; natural order, 
Legurwinosm ). — A middle-sized tree with a contorted trunk, 
rarely more than one foot and a half in diameter, covered with 
ash-coloured bark ; branches crooked, besot with sharp thorns ; 
loaves pinnate or somewhat bi-pinnato, with sub-cordate leaflets ; 
flowers yellow, in terminal racemes. 

This tree, indigenous to Central America, Mexico, and Cam- 
peachy, has been introduced into the West Indies, and is now 
naturalised there. The heart- wood is the part of the tree em- 
ployed ; the generic name refers to its blood-red oolour. Log- 
wood is of very frequent use in the arts, as it forms the basis of 
many of the reds in printing calicoes, and is esteemed one of 
the best deep-red dyes. It is imported in logs, which arc cut 
up into chips and ground to powder, for the use of dyers, 
hatters, and printers, in powerful mills constructed for that 
purpose. Logwood, when boiled, communicates its own dark- 
rod colour to the water, and the addition of a few drops of acetic 
aoid ohangos the oolour to a bright rod. Bed ink is made in 
this way, a little alum being added to render the colour per- 
manent. If, instead of an aoid, an alkali — such as soda or 
potash — ^bo added, the oolour changes to a da.rk blue or purple, 
and with a little management every shade of these colours may 
be obtained. Logwood is so hard and heavy as to sink in 
water. It is used chiefly for dyeing red, blue, and black. We 
import every year about 40,000 tons from South America, 
whonoe a great deal also goes to Spain, France, and Germany. 
The principal ports for the reception of logwood are London, 
Cadiz, Bordeaux, and Hamburg. 

Madder (Ruhia tinctorial L. ; natural order, Ruhiaceoc). — A 
small, herbaceous, perennial creeping plant; stems slender, 
quadrangular ; leaves four in a whorl ; flowers small ; fruit 
yellow ; berry double, one being abortive. 

Madder is cultivated in France, Southern Europe, and the 
Levant, where it is indigenous, for the sake of the valuable red 
dye furnished by the root. The roots are dug up when the 
plant is about t^e years old, carefully dried, and packed into 
Irags or bales for exportation. As found in commerce, madder 
root is in long oylindrioal pieces, about the thiokuess of a quill, 
and of a deep red or brown colour. If ground before exporta- 
tion, the powder is sent in very largo casks. Wo get madder 
roots whole from India, Turkey, Greece, Spain, and L^noe ; and 
ground from Holland and Germany. Powdered madder root is 
a bright Turkey red, but, by the addition of suitable chemicals, 
every shade of red, purpUah-brown, purple, lilac, and even a 
Hvely rose oolour can be obtained from it. Madder root im- 
parts its red colour to water and alcohol. It is used as a basis 
for red dyes, as it affords a tint which, when properly fixed by 
appropriate mordants, is not affected by light or moisture. 
Scarcely a calico or muslin print is made without the aid of 
madder root, in some way or other, for forming the pattern. 

The imports of madder, madder-root, garaTioine, and munjeet 
into the United Kingdom in 1886 were 21,395 cwt. 
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PKINCIPLES OF DESIGN.— X 

AET FUBNITUBB (eatiHniud), 

By CMOiBTorHSE DBBSiiBa, Ph.B., F.L.S., Bto. 
liT my last chapter I gave, in an axiomatic form, those principles 
which should gnide ns in the construction of works of fnmitore, 
and there endmvonred to impress the necessity of using wood 
in that manner Which is most natural— that is, ** work^g*' it 
with the grain (the manner in which we can most easily work 
it), and in that way which shall secure the greatest amount of 
stoength with the least expenditure of material. 1 again invite 
my readers to consider these matters, for they lie at the very 
root of the successful construction of furniture. If the legs of 
chairs, or their seat^frames, or the ends or backs of couches, 
are formed of wood out across the grain, they must either be 
thick and clumsy, or weak ; but, besides this, Ihe rightly con* 
stituted mind can only receive pleasure from the contemplation 
of works which are wisely formed. Daily contact with ill-shaped 


lake’s work on “ Household Furniture ; ” as shoro in our illus- 
tration, it is a correctly formed work. Fig. 22 is an arm-chair 
in the Greek style, wldoh I have designed. Fig. 26 is a lady’s 
chair in the Gothic style. Fig 26 (p. 818), a lady’s chair in 
early Greek. These I have prepared to show different modes 
of structure ; if the lege are fitted to a frame (the seat-frame), 
as in the early Greek chair just alluded to, they should be very 
short, as in this instance, or they must be connected by a frame 
below the seat, as in Fig. 27. The best general structure is 
that in which the front legs pass to the level of the upper sur- 
face of the seat. 

Fig. 27 is a copy of a choir shown by Messrs. Gillow A Co., 
of Oxford Street, in the Paris Intematioxuil Exhibition of 1867. 
In many respeoisg it is admirably constructed. The skeleton 
brackets holding the back to the seat are a very desirable ad- 
junct to light chairs ; so arc the brackets connecting the legs 
with the seat-frame, which strengthen the entire chair. The 
manner in which the upper rail of the back passes through the 



Pig. 30. 


objects may have more or less deadened our senses, so that we 
are not so readily offended by deformity and error as we might 
be ; yet, happily for us, directly we seek to separate truth from 
error, the beautiful from the deformed, reason assists the judg- 
ment, and we soon learn to feel when we are in the presence of 
the beautiful or in contact with the degraded. 

Hy illustrations, given some in this chapter and some in the 
last, in page 318, show how I think chairs should be oon- 
struoted. Fig. 19 is essentially bad, although it has traditional 
sanction, hence I ptus it over without further comment. Fig. 
28 is in the manner of an Egyptian chair. It serves to show 
the careful way in which the Egyptians constructed their 
works. The curved ndls against which the back would rest are 
the only parts which are not thoroughly correct and satisfac- 
tory in a wood structure. Were the curved back members 
metal, tke curvature would be desirable and legitimate. The 
back of this chair has immense strength (the backs of some 
of our chairs ore of the very weakest), and as a whole it is a 
seat which would, if well made, endure for centuries. Fig. 20 
is a chair of my own designing, in which 1 have sought to give 
strength to the book by connecting its upper portion with a 
strong cross-rail of the frame. 

Fig* 21 is a chair slightly altered from one in Mr. East- 


side uprights and is pinned” is good. The chief, and only 
important, fault in this chair is the bending of the back legs, 
involving their being out against the grain of the wood. 

Fig. 28 is a chair from Mr. Talbert’s very excellent work on 
** Gothic Furniture.” It shows an admirable method of sup- 
porting the back. Fig. 24 (p. 313) 1 have designed as a high- 
backed lounging-chair. With the view of giving strength to 
the back, 1 have extended the seat and arranged a support from 
this extension to the upper back-rail, and this extension of the 
seat I have supported by a fifth leg. There is no reason what- 
ever why a o^r should have four legs. If three would be 
better, or five, or any other number, let us use what would be 
best. In my drawing, the staffing of the back has been 
accidentally shown somewhat too rounded. This does not in 
any way interfere, however, with what I have in view — viz., the 
illustration of a particular structure or formation of chair. 

I have now given several illustrationB of modes of forming 
chairs. I might have given many more, but it is not my duty 
to try and exhanst a subject. What 1 have to do is simply 
to point out principles, and call attention to facta. It is the 
reader who must think for himself — first, of the principles and 
facts which 1 adduce ; secondly, of the illustrations which I give; 
tffi^y, of other workB which he may meet with ; and fourthly, of 
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further meaiiB of producing desirable and gatisfaotorj results 
besides those set forth in my illnstratious. 

As it cannot be doubted that a well-oonstruoted work, how- 
ever plain or simple it may be, givel satisfaction to those who 
behold it — while a work of the most elaborate character fails to 
satisfy if badly constructed — we shall give a few further illus- 
trations of structure for other articles of furniture besides 
ohairB, which have become necessary to our mode of life. 


lateral pressure, but would not bear quite the same amount of 
pressure from above. The latter, however, could bear more 
weight than would ever be required it, and would be the 
more durable piece of furniture. 

Fig. 31 gives a legitimate formation for a settee ; the cutting- 
out, or hollowing, of the sides of the legs is not carried to an 
extreme, but leaves a suffioiency of strong wood with an upright 
grain to resist fdl the pressure that would be placed on the 



Fig. 29 is one of my sketches for Greek furniture, designed for 
Moor Hall. It was formed of block wood. Here the frame of 
the seat is first formed, and the lege are inserted beneath it, 
and let into it, while the wood-work of the end of the couch 
stands upon it, being inserted into it. This appears to have 
been the genor^ method with the Greeks of forming their fur- 
niture, yet it is not so correct structurally as Fig. 30, another of 
my sketohos, where the end and the leg are formed of one piece 
of wood. The first formation (that of Fig. 29) would bear any 
amount of pressure fronf above, but it is not well oalonlated for 
resisting lateral pressure ; while the latter would resist this 


seat, and the lower and upper thickened portions of the legs 
act as the brackets beneath the seat in Fig. 23 (p. 313). This 
illustration is also from Mr. Talbert’s work. Fig. 32 is a table 
slightly altered (structurally improved, I think) from one in 
Mr. Fastlake’s work. I see no objection to the legs leaning 
inwards at the top ; indeed, we have here a picturesque and 
useful table of legitimate formation. Fig. 88 is the end eleva- 
tion of a sideboard from Mr. Talbert’s work. Mark the sim- 
plicity of the structure. The leading or structural lines arc 
straight and obvious. Although Mr. Talbert is not always 
right, yet hia book is well worthy of the most careful con- 
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ddermtion and «tady ; and this 1 can iraly bsj, that it compares 
faronrably with all other works on furniture with which I am 
aoqnsinted. 

The general want which we perceire in modem fumitnre is 
eimplioitj of straotnre amd tmthfnlness of constmotion. If 
persons would but think out the easiest mode of oonstmoting a 
work before they commence to design it, and would be content 
with this simplicity of structure, we should have very different 
furniture from what we have. Think first of what is wanted, 
then of the material at command. 


ELECTRICAL ENGINEERING.— XIII. 

BT BDWAED A. o’KJBBFFK, B.E,, A.8.T.B., 

Demonstrator in Eleotriosl Engineering, City and OuUds of London 
Technical OoUege, Finsbory, 

THE CENTIMETBE-GEAMME-SECOND SYSTEM OP UNITS 
— OONVEESLON OP ELECTRICAL INTO MECHANICAL 
ENERGY AND HEAT. 

Thr system of units now universally used is the oentimetro- 
gramme-seoond or o.o.s. system, and in terms of the three 
quantities — length, mass, and time — all physical quantities, such 
as velocity, work, current, etc., can be expressed. 

The unit of length is the ceniimvetre = *3937 inch. 

The unit of mass is the gramme = 15*432 grains. 

The unit of time is the second. 

Prom those three fundamental units the following are de- 
rived : — 

Velocity.--~T\\e unit of velocity is the velocity of a body 
which moves at the rate of one centimetre per second. 

Acceleratwn. — The unit of aoooioration is that acceleration 
which, acting on a body for one second, imparts to it unit 
velocity. (In the Babs<^uent approximate oaloulation the 
acceleration due to gravity will be taken as 981 centimetres 
per second ; this being approximately the velocity per second, 
which gravity imparts to a falling body.) 

Force,- — The unit of foroo (which is called the dyne) is that 
force which, aoting on a mass of one gramme for one second, 
imparts to it a velocity of one centimetre per second. 

Work, — The unit of work (which is called the erg) is the 
work done in overcoming a force of one dyne through a dis- 
tance of one centimetre. 

Heat.— The unit of heat (which is called the calorie) is the 
quantity of lioat required to raise a mass of one gramme of 
water from 0*" to 1®C. It is equal to 42,000,000 ergs. 

^ Unit of quantity, — If two charges of electricity of the same 
kind are placed close together, they repel one another ac- 
cording to a definite law. The force of this repulsion will 
be directly proportional to the product of the two charges, 
and inversely proportional to the square of the distance be- 
tween them. This law, due to Coulomb, can be best expressed 
in symbols. Lot /=the force of repulsion, and go the two 
charges, and d the distance between them ; then 

(i^ ■ 

If d is one centimetre, f one dyne, and qi q^, wo obtain a 
definition for unit quantity of electricity in terms of the fun- 
damental units. Unit quantity of electricity is, then, that 
quantity which when placed in air at a distance of one centi- 
metre from a similar and equal qua/iitity repels it with a force 
of one dyne, 

Poteniial,-^A definite force of repulsion is exercised between 
any two similarly charged bodies a and b, when placed in any 
positions. Considering a as fixed, if b is moved closer to A, an 
amount of work must be done equal to the product of the dis- 
tance moved, multiplied by the average force of repulsion be- 
tween them. As b is moved up to a, this force increases from 
nothing — when an infinite distance separates them, up to a 
maximum—wheu a minimum distance separates them. In 
moving up from the infinite distance to any fixed position, work 
must be expended on b to overcome the electrostatic repulsion, 
but this work is not lost. If B be allowed to move from that 
fixed position to an infinite distance, under the action of the 
repulsive force, it can bo made to do an amount of work 
exactly equal to that which was expended on it in moving it 


up to the fixed position. In otiier words, when in the fixed 
position the body b has potential energy stored np, which is 
the equivalent of the work done on it ; it possesses potential 
energy or energy due to its position. If b contains nnit quan- 
tity of electricity, we can measure the amount of work that 
must be done on it to bring it up to any position, and that 
quantity of work gives a measure of the potential at that 
point. Tha potential at any point can be therefore defined as 
the amount of work that must he expended on imit quantity of 
positive electricUy in bringing it up to that point from an infi- 
nite distance. It follows from this, that the difference of 
potential between two points is the amount of work that must 
be done in moving a unit of positive eleotriolty from one point 
to the other, and is dearly independent of the path along which 
the nnit moves. Unit difference of potential (or of electromotive 
force) exists between two points when it requires the expenditure 
of one erg to move a unit of positive electricity from one point to 
the other. 

Unit current. — Unit current is that current which is caused by 
the passage of unit quantity in one second. The volt, which is 
the practical unit of electromotive foroe, is equal to 100,000,000 
absolute c.o.b. units. 

The ampere, which is the practical unit of current, is equal 
to -j^jth of the absolute o.G.s. unit. 

. ‘ . The ohm, which is the practical unit of resistance, is 
equal to 1,000,000,000 absolute c.o.s. units. 

With those data we are in a position to caloulate the work 
in horso-power which is being expended in any circuit when 
we know the current and the r.m.f. used in it. 

CONVEllSION OF BLRCTRICAL INTO MECHANICAL ENERGY. 

^ Let Vj and Vg be the potentials at the two points in the 
circuit between which wo require to know the rate at which 
work is being expended ; 

Let c denote the current flowing in the oirouit ; 

Let K denote the e.h.f., driving the current between the 
two points ; 

Then E = Vi—V 2 = the work in ergs done on one unit of 
positive electricity in moving from one 
point to the other : 

. • . E Q the work done on Q units in moving them from 
one point to the other ; 

but according to the above definition of current, 

Q =r c T where t = time in seconds daring which the 
current has been flowing. 

Substituting this value for q. 

E c T = work in ergs expended in t seconds by the cur- 
rent c and an e.u.f. of B. 

. * , E c = work in ergs expended in one second by the cur- 
rent c and E.H.F. R. 

The rate at which work is being done is thus found, but all 
the terms are expressed in absolute units. In order to reduce 
them to the practical units generally used — the volt, amp5re, 
and horse-power, the following modifications must be made : — 

E must be multiplied by 100,000,000 to reduce it to volts ; 

c must be divided by 10 to reduce it to ampbres; 

therefore the left-hand side of the equation becomes 

BOX 10,000,000 = work in ergs per second ; 
if E = 1 volt and 0=1 amp5re, then clearly their product, one 
volt-amp5re, = 10,000,000 ergs per second. 

This is called a watt. 

To reduce ergs to foot-pounds. 

Beferring to the definitions, gravity exerts a pull on a mass 
of one gramme of 981 dynes, 

and one erg = one dyne x 1 centimetre ; 

. ' . the work done in raising one gramme through a height of 1 
centimetre = 981 ergs, 

but 1 foot = 30-48 centimetres, 

1 pound = 458-6 grammes. 

. * . the work done in raising one pound through a height of 
one foot =981 x 30-48 x 453-6 ergs, 

or one foot-pound s=: 13,660,000 ergs. 
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bnt one h.f. (horse-power) =; 88,000 foot-lbs. per minnte. 

=: 560 foot-lbs« per second. 

« • . one H.p. = 7,460,000,000 ergs per second. 

Eo X 10,000,000 = H.F. X 7,460,000,000. 

. „ BOX 10,000,000 B c 

. . H.F. = : 1 — , or H.F. = — . 

7,460,000,000 746 

The rule, then, for finding the horse-power expended in any 
portion of a circuit is to multiply Vie e.m.f. (in volts) hy the 
current (in amperes), and divide hy 746. 

Two instruments — an ampdre-meter and a voltameter are 

all that is necessary to find the rate at which work is being 
done, or the energy expended in the circuit. This must not be 
confused with the total work done; it is simply the rate at 
which energy is ewpended, and must be multiplied by the time 
in minutes during which the current has been fiowing in order 
to give total work done. 

In arc lighting, the efficiency of a lamp is usually spoken of 
in terms of candle-power per horse-power expended in the 

lamp, m which case efficiency = 

But in incandescent lighting the watt is more often used os 
the unit of energy, in which case efficiency = 

In both those oases c denotes the current in amperes, and e 
the electromotive force in volts. 

The formula for the h.f. in any circuit can be expressed in 
the three forma depending on the truth of Ohm’s Law : — 

(I.) H.p. = ^ ~ ; but E = CR. 

74tj 


(ii.) 


O'* K B 

H.P. = ttttt ; or c = • 

740 B 



Fig. 30 .-~bumfobd’s photometeb. 


Let be the distance of the lamp from the paper. 
„ d^ „ ,, „ candle ,, ,, 


Then efficiency 


dl eo 


where c = current 
and E = B.H.F. 


TECHNICAL DRAWING.— XXIV. 

DRAWING FOR MACHINISTS AND ENGINEERS. 
TOOTHED WHEELS (con^inwcd). 




No. I. being used when both b.m.e. and current are known ; 
No. II. being used when both current and resistance are known ; 
No. III. being used when both e.m.f. and resistance are known. 


CONVERSION OF ELECTRICAL ENERGY INTO HEAT. 
Taking the equation, 

B c X 10,000,000 = work in ergs per second, 
and from the definition of heat, 

1 calorie = 42,000,000 ergs, 

^ X 10,000,0^ the heat in calories generated per 

* * * 42 ,o 6 ¥,()b 6 second by a current c and an e.m.f. e. 

E c where E is in volts. 
(I.) or HEAT (in calories per second) = andcisinampJires. 


This equation can also bo written in forms 


(II.) HEAT (in calories) = “4^/* 
(III.) HEAT (in calories) = 

E® t 

(IV.) HBAT (in oaJorioB) = 


Where t is the 
time in seconds during 
which the current has 
been flowing. 


Of these four equations, No. (I.) shows the rate at which 
heat is being generated in the oironit; Nos, (IL), (III.), and 
(IV.) show the total amount of heat generated in the time t. 


EFFICIENCT OF AN INCANDESCENT LAMP. 

\In order to measure the efficiency of an incandescent lamp, 
a modification of Bumford’s photometer may be conveniently 
used (Fig. 30). 

H is a wooden clip holding the wires that carry the current 
to the lamp, e. a is an ampere-meter to measure the current, 
and y is a volt-meter to measure the E.M.F. used in b. g g is a 
scale on which slides a holder containiug a standard candle, c. 
At the other end of the apparatus is a sheet of white paper 
before which is fixed a pencil, which throws two shadows on 
the paper, R and 8, due to the two sources of light. The candle 
is moved along the scale till these shadows are equally dark. 


Fig. 235 . — System composed of a rack driving a pimion. 

Here the curves of the faces of the teeth in the rack are 
portions of a cycloid generated by the circle A, the diameter 
of which is half that of the pitch-circle B, rolling on the pitch- 
line c D. 

In commencing this study, draw the pitch-line, and a per- 
pendicular, on which set off the centre of the pitch-circle and 
the generating circle. 

I^w both of these circles, the tangent point being at T. 

Set off the length of the pitch along the rack and on the 
pitch-circle, and proceed to divide each pitch into a tooth and a 
space. 

Now describe the cycloid which is to give the face of the 
teeth of the rack. If the drawing be large, or one from which 
a ** pattern” is to be made, this cycloid maybe out in thin 
wood so as to form a templet (described in a previous lesson), 
and with this the faces of the teeth of the rack may be do- 
Boribed; bnt for general use in smaller drawings the curve 
may be an arc of a circle, the radius of which is the length of 
the pitch, as shown at g h. 

The flanks of the teeth of the rack are perpendiculars, and 
are strengthened by being joined by quadrants to the line 
parallel to the pitoh-lino, which forms the root of the teeth. 

The curve of the faces of the teeth of the pinion are portions 
of the involute of the pitch-circle. 

For a full description of the nature of this curve, and the 
method of describing it, the student is referred to Lesson VI. 
in “ Practical Geometry applied to Linear Drawing.” ^ 

Fig. 236 will remind the stndent of the general principles of 
its construction. 

Let A B be a portion of the circle from which the curve is to 
be evolved, divided into a number of equal parts ; as, 1, 2, 3, 
4, 5, 6. 

At these points draw radii, and draw tangents to each. 

From the points of tangent sot off on these linos divisions 
corresponding to the figure from which each is drawn. Thus, 
on tangent 1 set off one of the divisions, from tangent No. 2 
set off two, and so on, and through the points so obtained tho 
involute is to be drawn. Here, again, for general purposes in 
drawing, the arc of a circle is substituted for the true curve, 
and it will be seen that the arc struck with a radius equal to a 
pitch corresponds nearly (though not perfectly) with the curve 
shown at B (Hg. 236). ^ 
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The flaake of the teeth are radial, turned off into the inner 
cirole by email arcs. 

The remaining portion of the pinion will be easily completed 
without further explanation. The space at k, as the student 
will no donbt know, is the key-hedy in wliioh a key is placed to 
fasten the pinion on the journal or end of the shaft. 


being taken as equal, the radius of the pins is therefore one 
quarter of the pitch. 

The spaces in the pinion are struck with the same radius. 
The curve of the faces of the teeth is, as has already been said, 
a portion of the epicycloid; but an arc drawn from ▲, the 
middle of a pitch, so nearly coincides with the curve b c, which 




237.— In the system here shown, the pinion drives a wheel is the curve properly constructed, that in drawings it is usually 
wiw pins Instead of teeth, and the face of the tooth of the substituted for it. 

driver is a portion of the epicycloid curve generated by a The following important remarks on the teeth of wheels are. 
oirole of half the circumference of the wheel. made by Professor Gk)odeve : — 

In copying this example, the pitch*oirole8 of driver and ** It will be proved, when we treat of rolling curves, that the 
follower having been described, and the pitches having been surface of one tooth must always slide upon that of another in 
set off on each, the circles representing the pins are to be contact with it, except at the moment when the point of con- 
drawn. The spaces and diameter of the pins in this instance tact is passing the line of centres. 
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** This matter ehoald be well understood. The teeth are per* measnremmts are, however, marked on each part, and the 
petnally rubbing: and g:rinding against each other ; we cannot student is to take these from his soiUe. He is advised to work 
prevent their doing so ; our rules only enable us so to shape Fig. 288 (whioh is a rough hand*sketoh of a small oopying-press) 
the acting surfaces, that the pitoh*oirolos shall roll upon ea^ to a scale of not less than | of an inch to an inch, 
other. To make this scale, drdw a straight line, and on it set off a 

Nothing has been said about the teeth rolling upon each number of divisions of j of an inch each. Mark the beginning 
other. It is the pitoh-cirolea that roll i the teeth themselves of the line o, the first division 1, the second 2, and so on ; 
sUde and mb during every part of the action which takes place these divisions will then represent inches. This plan is better 
out of the line of centres. than measuring direct from the foot-rule, as it avoids the neces* 

Since, then, the friction of the teeth is unavoidable, it only sity of calculating how many inches so many times f make, by 
remains to reduce it as much as possible, which will be effected which errors often occur. 

by keeping the arc of action of two teeth within reasonable Now divide one of the above spaces into eighths for mea • 
limits. suring the fractional parts of inches. 

** Generally, the friction before a tooih passes the line of The scale being thus prepared, draw the base-line, A B, and 
centres is more injurious than that which occurs after the tooth the central perpendicular, c D. 

has passed the same line. The difference between drawing a Nert mark off 9" on each side of o — ^via., o B and 0 
walking-stiok along the ground after you, and pushing it length of the base being 

before yon, is given by Mr. Denison as an illnstrarion of the Draw perpendiculars indefinitely high at B and r ; mark off 
difference between the friction before and after the line of on one of toese If inch — ^viz., no. It is not necessary to 



centres ; but this difference is less appreciable when the arc measure this height on both perpendiculars, for by placing the 
of contact is not excessive." T-square against o, the line o H will give the height of f h. 

. On each side of the centre line now set off T't and erect the 
BizcHAKiCAL DBAWIKG FROM ROUGH 8KETCHB8. perpendiculars I and j for the centre lines for the standards ; 

In the previous figures the student has been allowed to copy the width from centre to centre being 14". 
the examples by measurement, or to increase their sizes as he On each side of i and j set off j x, draw the lines x, L (and 
may think proper. corresponding lines on the opposite side), and draw the hori- 

By such means, however, only practice in copying ready- zontal H K at above g h. 
made drawings is obtained, and such practice must only bo Now draw the horizontal o p at 5J" above G H, and Q B at 
taken as the means to the end — certainly not os the result to be . _ . ’ above it ; the width of o P is 2j", and of Q B 24*. The 
attained ; for a draughtsman who can but copy is, indeed, little j arches are then to be drawn from centres on the perpen 
better than a machine ; being merely capable of measuring acou- dicular, c. 

ratoly and drawing fine lines, most of the latter result being The iron lid, 8 T, is, in the present view, at above o H ; 

due to his instruments, he thus becomes, in the true sense of it is f" thick. On it is a boss J" thick, to which a fionge runs 
the term, a " mechanical draughtsman." from each corner, and on this boss is a box J" higd^, in which 

It is to avoid this that the course here laid down blonds the end of the screw works, 
mental study with manual practice, and in the present section From this box, the screw, which is 1" in diameter, is 7t" long, 

an endeavour is made to afford the student practice in working At 1" above this draw u v, the central horizontal, for the 

from rough sketches, such as are made in an off-hand manner handle. ^ ^ nt* 

by the engineer, and entrusted to the oocupants of the drawing- The boas in the middle of the handle is 2 high and 8^ 
office to work out. diameter. The length from end to end of the handle is 174 . 

These sketches, though approximately correct in general pro- The screw is to be drawn in straight lines, as shown in 
portions, are not drawn to any absolute scale ; the etudent previous examples. The nuts, etc., will be easily understood 
must not, thertifors, trust to measuring from them. The true without farther instructions. 
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AJNIMAL COMMERCIAL PRODUCTS.— XVI. 

PBODUCTS 07 8UB.KIKGD0M ANKXJLOSA (contintMd). 

BUiter Fly {Camihams vesicaioria), — A smiJl odeopteroTUi 
insect about thm-fonrtbs of an inch long, of a nauseous odour 
and a brilliant golden*green colour. These insects secrete 
in their bodies a principle which has the power of vesicating 
or blistering the human skin when applied. For this purpose 
the beetle is reduced to powder, which, mixed with ointment or 
lard, is spread tUnly upon a piece of leather, and then applied 
to the part intended to be blistered. The blister fly is foi^ on 
a vaxi^ oi shrubs in Spain, Italy, France, etc. It has been 
taken occasionally in England, but it is much more abundant in 
Spain ; and although we now receive it principally from Astra- 
oan and Sicily, it still retains its usu^ oommercial name of 
Spanish fly. In some years as many as twelve tons of these 
insects have been shipped from Sicily. Some idea of the im- 
mense number destroyed to form that amount may be obtained 
from the fact that fifty of them scarcely weigh a drachm. 

Zae Insect (Coccus lacca), — ^The habits and economy of this 
insect are much the same as those of the cochineal. The lac 
insect attaches itself to the bark of trees abounding in milky I 
juice — such as the Ficus indica or Indian fig, and the Ficus | 
religiosa or Banyan fig — punctures ^the bark, and causes an | 
exudation of the milky juice ; this eventually surrounds the 
lac insect, her eggs, and larva, producing an irregular resinous- 
looking brown mass on the branch, which it encircles. The 
commercial varieties of lac are stick lac^ which is the substance 
in its natural state investing the small twigs of the tree ; seed 
laCf the same substance broken off in small pieces from the 
twigs; and shell lac, consisting of the substance melted and 
formed into thin cakes. Seed lac and shell lac are the resin 
loft after the dye has been extracted from the stick lac. Lao 
dye and lac lake are two preparations of the colouring matter 
of stick lac, imported in small cubic cakes from the East Indies. 
The colouring matter of these dyes much resembles cochineal, 
for which it is largely substituted. Upwards of 1,000,000 lb. 
are annually imported from Bengal, and 8,000,000 lb. of shell 
lac ; nearly one-half of it, however, is again exported to Italy, 
Germany, and other parts of the Continent. 

Lao is mainly consumed in the manufacture of dye stuffs, 
sealing-wax, and of certain varnishes and lacquers. Bod sealing- 
wax has its colour communicated by vermilion ; white sealing- 
wax is made with bleached gum lac; black sealing-wax is a 
mixture of shell lac and ivory black ; and blue sealing-wax is 
made by colouring the shell lac with smalt or verditer. To 
make golden sealing-wax, powdered yellow mica is mixed with 
the shell lac. 

7B0DUCTS OP THE SUB-KINGDOM EADIATA. 

Radiata (Latin, radius, a ray) is the fourth primary division 
of the a nim al kingdom, and includes aU those animals which 
have a radiated disposition of the organs of locomotion and in- 
ternal viscera around a common centre, whence the term radu 
ated animals. Their nervous system and instincts are reduced 
almost to a nullity ; all are indolent and slow of movement, 
while mamy of them are rooted and fixed. They have been sub- 
divided into the following classes ; — 

1. Echinodermata (Greek, echinos, a hedgehog, and derma, 
the skin), or spiny-skinned animals. Examples : asteiias or 
sea-star, and the common echinus or sea-egg. 

2. Aealephes, or jeUy-fishes, called also sea-nettles, because 
leaving, when touched, a disagreeable sensation, like the sting 
of a nettle. These have an extremely soft, gelatinous structure, 
and float and swim in the water by alternate contractions and 
dilatations of the body. 

8. Polypi, or animals having a fleshy cylindrical hollow body, 
the mouth of which is surrounded by numerous arms or tenta- 
ouks, and commonly fixed by one end. Examples: hydra or 
water polyp and the coral polyps. 

Of the above classes of ranted animals, the last only is of 
oommeroial importance ; it furnishes us with the 

Red Coral (Ooralliwm ruhrum, L.).-— This is a marine pro- 
duction, formed by numerous polyps in union with each other, 
called a polypidom. Becently Men, coral is covered with one 
continuous hving membrane, in which are the pdyp ceUs. These 
polyps produce the coral, a branched tree-like structure, beau- 
tifully red, and very hard, and for this reason much sought 
after for ornamentsJ purposes, la places where good coral is 


obtained it forms an important article of commerce. It is 
abundant in various parts of the Mediterranean Sea. It occurs 
in the Bed Sea, the Persian Gulf, and on the coasts of Spain, 
France, Corsica, Sardinia, and Sicily. Very fine coral is found 
between Tunis and Algiers, off the coast of Barbary, where the 
French and Italians carry on ^e coral fisheEries. Cl^er species 
of the genus have from tune to time been dredged off Madeira 
and the Sandwich Isles. 

Coral always grows perpendicularly on the surface of the 
rook to which it attaches itself, in whatever position the rook 
may be placed, and from eight to twelve inches in height. 
Coral requires from eight to ten years to arrive at its full 
growth. It is dredged up from depths varying from 10 to 1,100 
Bi^thoms. Its value depends on its site, s(^dity, and the depth 
and brillianoy of its colour. Some of ihe corals in the market 
aro worth from eight to ten guineas an ounce, whilst other 
kinds will not fetch one shilling a pound. 

PBOBUCTS 07 THE SUB-KINGDOM PBOTOZOA. 

Protozoa, or first animals (Greek, protos, first, and soon, an 
animal). Examples: Infusoria, or animalculaa developed in 
vegetable infusions and sponges. 

Sponge (Spongia officinalis, L.). — This organism is now ac- 
knowledged by nattvalists as belonging to the animal world. 
A piece of sponge shows on its surface an indefinite number of 
minute holes, amongst which there are larger openings scattered. 
When alive and in the water, currents of water are seen to 
enter the smaller openings, which, after passing through the 
body of the sponge, aro ejected out of the larger orifices. Nutri- 
tive matter is conveyed by these currents into the body of the 
sponge, and fsaoal matter is at the same time removed. A 
coating of living gelatinous matter is spread all over the fibres 
of the sponge, in consistence like the white of an egg. This 
runs away freely from the sponge when the latter is taken out 
of the water. Nothing then remains visible but the sponge, 
which is, in fact, the homy skeleton or structure formed by 
the labours of the animals constituting the gelatinous coating. 

Sponges occur in all seas, from the equator to the poles, but 
they attain their grreatest size and perfection in the tropics. 
They grow on anything which will serve them as a point of 
attachment. 

Several kinds of sponge come into the market, but the most 
valuable, and those also most in general use, are called Turkey 
and West India sponges. The former is considered to be the 
best. The tubes and orifices of the Turkey sponge aro smaller 
than those of the West India variety ; it is also more durable, 
and less easily tom. The Turkey sponge is obtained from the 
Mediterranean, where it grows on rocks and stones at the bottom 
of the sea in masses from the size of an egg to that of a man’s 
head. Our supplies aro received from Cypms and Candia, from 
the shores of Anatolia, and from several islands of the Grecian 
Archipelago, especially from the small island of Symis or 
Syme, whose inhabitants are said to be the best divers. The 
coast of Syria furnishes the finest toilette sponges, valued at 
from 35s. to 40s. per pound ; ordinary sponge costing only 10s. 
per pound. Inferior sponge, with a large-holed texture, called 
horse sponge, comes from the coasts of Barbary, Tunis, and 
Algiers. In 1886 there were imported into the United lUng- 
dom 1,371,007 lbs. of sponges, valued at ^229,817. The 
coarser sponges come principally from America. Very large 
ones are obtained from the Bahama banks and the coast of 
Florida. 

The property which spongy possessos, of absorbing water 
into its tubes and retaining it until squeezed out, renders it 
valuable for all purposes involving wadiing and cleansing. 


PRACTICAL PERSPECTIVE.— IV, 

Fio. 20. — The subject of this lesson is a cross, made of square 
timber, or stone. 

The picture-line, height of spectator centre, and points of 
distance having been fixed at pleasure, 

From A set off A B, representing tne distance of the per- 
pendicular of the cross on the left of the spectator, and beyond 
this mark off c', so that b o' may equal the thic^esa of the 
material of which the cross is suppos^ to be made. Draw the 
perpendiculars o' e and bd, and join them by the horizontal B J>. 
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At the required height from the picture-line draw the hori- 
lontal line a i. 

Make 1 1 ' and o' ^ equal to </ B. At o and i erect perpen- 
dicularst also equal to & B. Draw v F* and H juft and tiiMe 
will complete the front elevation of the oroes. 

Kow from the angles b, d, a» H> i, and draw lines to the 
centre of the picture. From b set off B j equal to c' b. 

From J draw a line to the point of distance, cutting B c in x. 

At K erect a perpendicular, cutting c in l, and meeting 
DC inM. 

Through Xi draw a horizontal line, cutting i c in n, and a c 
in o. 

At K erect a perpendicular, meeting H c in p, which will 
complete the perspective view of the cross when standing in the 
immediate foreground, on the left of the spectator, its elevation 
being parallel to the plane of the picture. 

Fig. 21. — ^In this study the cross is represented as rotated, so 
that the elevation is at right angles to the plane of the picture. 
The attention of the student is called to the fact that whilst in 
the former view the foot of the cross was on the picturo-line, it 
is not so in the present study. A moment’s reflection will 
show that the upright must recede from the foreground in order 


From J mark off j k, equal to J B, and from X draw a line to 
the centre of the picture. 

Draw B^ x' parallel to J x, which will bo the bottom line of 
the upright of the cross. 

At K' draw a perpendicular, meeting a horizontal drawn 
from D in 2C. 

On X erect a perpendicular, x s’, and a line drawn from to 
the centre of the picture should pass through x. 

Draw horizontal lines from H and i, cutting x e' in p and x. 
Strengthen p n, and the square H i N P will be the end of tho 
cross-arm. 

From N draw a line to the centre of the picture, cutting x^ x 
in I4. Draw i' L, which will give the junction of the arm with 
the upright ; a horizontal line from a will then complete the 
view. 

Strengthen the lines required in the projection itself, in order 
that the object may stand clearly out. 

Fig. 22. — ^The object of this study is to show the method of 
putting steps into perspective. 

The four steps are contained within the square A b c d. 
Having drawn this square, and divided it into the required 
number of squares (t^t is, provided the steps are squares. 



to allow of the projection of the arm, the end of which touches | 
the picture-plane. 

Now let us suppose the first cross to be moved along the 
picture-plane until the point J is at J of Fig. 21. If, then, on 
this point J we erect the perpendicular j s, and rotate the rect- 
angle J 8 B Q' on this, as a door on its hinges, we shall obtain 
the figure in which the cross will be contained. 

Having erected the perpendicular J s, draw a line from each 
of these points to the centre of the picture. Mark off from j 
the length j q (Fig. 20), and from g draw a lino to the point of 
distance, cutting j c in 

Draw g’ b, which will complete the perspective representa- 
tion of the rectangle containing the cross, when its plane is at 
right angles to the plane of the picture. 

On J 8 set off I and H, equal to the height and thickness of 
the arms. 

On the picture-line set off from j the length of the arms J b 
and <f g, thus leaving between them the width of the upright 
of the cross. In the present study these are all equal, but of 
course this is not necessarily the case. 

From B and c' draw lines to the point of distance, cutting 
J g* in b’, o' ; at these points erect the perpendiculars b' d and 
o' K. 

From H and i draw lines to the centre of the picture, and 
draw F G, which will complete the perspective ^ew of the 
elevation of the cross. 

It now remains to give the appearance of aolidil^ to this 
representation. 


otherwise the containing figruro must be an oblong formed of 
the required number of steps of the desired proportions), 
strengthen such of the lines as are required to form the angles 
of the stops— viz., B i, i f, r E, E G, o h, H i', i' J, J d. 

From each of these points draw a line to the centre of the 

picture. . 1 1 

From B set off on the picture-line B x, equal to the real 
length of the front of the steps. 

From K draw a line to the point of distance, cutting B c in x'. 

At k' draw the perpendicular x' 1", and from i" draw the 
horizontal 1" v'; continue the perpendiculars and horizontals, 
f', e', g', h', 1', j', and d', which wUl complete the figure. 

Fig. 23.— The subject of this lesson is the same block of steps, 
turned so that their length is parallel to the picture-plane. 

From A, the point immediately under the centre of the 
picture, set off A B, the distance of the object on the right of 
the spectator. 

At B erect a perpendicular, B o', equal to the height of the 
containing square or parallelogram. 

From B and draw lines to the centre of the picture. 

From B set off B A', equal to the base of the containing square 
or rectangle. « 

From a' draw a line to the point of distance, cutting B c 
in a". 

At a" draw the perpendicnlar a" d ; then B o' d A'^ is the 
perspective representation of the oentaining figure. 

On B c' set off the divisions corresponding with the number 
and height of the steps— vis., 1, 2, 8, and from these points 
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draw lines to the oratre of the picture. On B a' set off the 
diyieions oorreeponding with the number and width of the 
treads of the steps—viz., 1, 2, 3. < 

From 1, 2, 3 draw lines to the point of distance, cutting B A 
inl'ffS'. ‘ . 

XtV ^ ^ erect perpendiculars, and these cutting the lines 
drawn from 1 2 8 (in the line b c') to the centre of the picture 
will give the angles of the steps e, f, o, h, i, j, and will thus 


ExjBiiasx XI. 

There is a stone cross, the perpendicular of which up to the arm is 
7 feet ; this perpendicular is at hose 1 foot square. The arm, which is 
1 foot square, rests on the perpendicular, and stands out 2 feet on each 
side ; above this arm the perpendicular is continued so as to make the 
total height of the cross 10 feet. The scale is t inch to the foot, the 
height of the spectator is 5 feet, the distance 12 feet. 

(1.) Put this cross into perspective when stonding in the tore- 
ground at 8 feet on the left of the sjkeotator. 



A 


complete the perspective view of the end of the block of steps. | 
From B set off B K, equal to the real length of the front of 
the steps. 

Now from X (on the line b c') draw a horizontal, and from k 
draw a perpeni^oular. These, intersecting in will give the 
front of the first step. 

IVom f draw a line to the centre of the picture, and from b 
draw a horizontal to intersect it in 


(2.) Put the same subject into perspective, at the same distance 
on left of spectator, but standing 10 feet back in the picture. 

Ezxbcxbx 12. 

The scale, height of spectator, and distance the same as in the 
previous exercise. r 

(1.) Put the cross into perspective when standing at 9 feet on the 
tight of the spectator, its face being at right angles to the 
picture-plane. 

(2.) Put the same cross into perf>pective when standing at $ feet 



At s' erect a perpendicular, and from f draw a horizontal to 
faiterseot it in f'. 

From f' draw a line to the centre of the picture, and inter> 
sect it by a horizontid drawn from o, thus obtaining the point o'. 

From o' draw a perpendicular, and from h draw a horizontal 
to mtorseot it in h'. 

From h' draw a line to the centre of the picture, and a hori> 
zontal from j to intersect it in i'. 

At i' erect a perpendicular, and intersect it in j' by a hori- 
zontal drawn from J. 

From y draw aline to the centre of the picture, and intersect 
it in b' by a line from l>, which wiU complete the study. 


on the right of the spectator, and 8 feet within the picture, its 
face being at right augles to the picture-plane. 

SXSBCIBX 13. 

The scale is indbi to the foot, the height of the spectator is 6 feet, 
and hie distanoe 15 feet. 

There is a flight of 8 stone steps ; the rise is 6 inches and the tread 
9 inches, and the length of the steps 6 feet by scale. 

(1.) Put this block of steps into pexspeoUve when placed at 7 
feet on the left of the spectator, the end elevation being parallel 
to the picture-plane. 

(3.) Put into perspective the same block of steps when standing 
so that their long edgee are parallel with the picture-plaue, the 
end elevation being at 5 feet cm the right of the spectator. 
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CIVIL ENGINEERING.— V. 

BY B. O. BABTHOLOMBW, C.B., H.S.B. 

CANALS {continvsd). 

The engineer having deoided upon the most desirable oonrse to 
be taken by the canal — the centre line having been staked out 
— ^next proceeds to lay out the centres of cutting for the various 
sections. These points will best be understood and explained by 
the help of diagrams. In excavating for the bed of a canal it 
is very seldom neoessaty to dig out soil equal to the capacity of 
the intended 
channel, be- 
cause, in al- 
most every 
case, the soil 
which is ex- 
cavated can 
be utilised on 
the spot, by 
being depo- 
sited upon 
one or both 
sides of the 
excavation, 
and, by pro- 
perly puddling and solidifying it^making it form the npper por- ot oblique^ (mU^- 

tions of the bod or the banks. Thus frequently nearly half the 
labour and expense is saved. 

To accomplish this, however, it will be necessary to deter- 
mine what f^all bo tne depth and capacity of the excavation, 
so that, when the soil taken out is banked upon its margins, the 
completed channel shall have the capacity and dimensions it is 
intended the 

canal shall O, 

have. Now, 
it is with the 
view of deter- 
mining this 
point that 
the “centre 
of cutting” U 
required. 

Our space prevents our entering fully into the rules requisite 
for determining the position of this point, which will vary 
greatly according to circumstances, and principally according 
to the direction, slope, or angle of the original surface of 
the ground, relative to a lino standing vertically in tbo centre 
of the channel. 

Let A B 0 1 ) (Pig. 4) represent the surface of the ground, and 
let the first 
condition of 
the surface be 
that of a hori- 
zontal plain. 

This linc' will 
then be at 
right ang](*3 
to I. l', the 
lino stri'Mling 
vertically in 
the centre of 
the channel. 

In this case 
the dotted 
lino a h c 
in which lies 
the centro of 






The second condition we have to consider is, when the surface^ 
line of the ground a b o d (Fig. 5) is not at right angles with 
the vertical line l In this case it may not be neoessary to 
disturb the ground at all upon the upper side the slope, 
except to excavate for the towing-path e/, and the drain at B. 
The line abed through the centre of cutting will, in this 
instance, be determined upon by the consideration that the 
whole of the excavated soil can be utilised upon the lower side 
of the ohaimel only ; the capacity, therefore, of the figure 
y 6V ® must equal that of the figure xglic^y a being in the 

lino of the 
ground level, 
ef and g h 
being the 
towing-paths, 
and fVdg 
the channel 
of the canal. 

It will be 
necessary to 
give one rule 
only for ob. 
taining the 
centre of cut- 
ting. Take 
whore the canal has to be formed 
on the side of a hill, the inside and outside slopes being parallel, 
and one bank only required : — liOt A b o D (Fig. 6) be the see- 
tion of the intended canal, and o d E a f that of the bank, tho 
slopes A B and B F being parallel. To find tho centre of cutting, 
continue tho lines B c, D b to a and A ; draw the perpendicu- 
lars cm, Dn, and the diagonals A a, mn, iutorsooting at p; 

through p 
h draw tho pa- 

rallel B p 
and bisect it 
in 0 ; then o 
will bo the 
centre of cut- 
ting, and if 
any lino, HOF, 
bo drawn 

through this point, cutting tho slopes A u, E & produced, H b c w 
will always be equal to w i) e f ; and tlio total breadth of the 
canal and bank (a d -f- n a) will bo to tho breadth of tho bank 
added to tho base of tho slope {no -f-nc), os tho depth of tho 
canal froiii its surface is to tho tloptli below the centro of cut- 
I ting. This point o will also be tho centre of out and cover, for 
, a lino stakod out at tho level of tho ground above tho point o 

will show tho 
middle of thu 
land required 
for tho canal. 

Cases may 
arise, how’* 
o> or, in which 
tho excavated 
eai-th cannot 
be utilised. 
The soil may 
bo entirely 
nrifiuited for 
the formation 
of tho hanks, 
and must bo 
removed. In 
such a crirtc 


Fig. 4. 



cutting, will oocnny such a position as that tho area of thr; | 
quadrangle bcc'y shall be equal to tbo sum of tho areas of j 
the quadrangles aefh eghd^ in which af and gh are the 1 
towing-paths on the sides of the ohaiiTiel /;7 c' ?/, tho smali grip j 
ditch at a and d being formed to carry oft' the drainage from 
the banks. 

The enormous advantages which result from tho adoption of 
thi-< plan become apparent from an examination of tho diagram, 
li' will there be seen that only tho lowor and narrower portion 
oi the oHaTinol ha.s really to be excavated, tho uf)j>er and wider 
part being built up, as it werOj of tho excavated soil. 


tlio channel will have to bo altogether excavated bcuiw the 
ground-level, Sonictimc.s, as, for instance, in passing through 
towns, retaining walla have to ho built, so that l(?ss hrcadili of 
land sli^iU be required. In conveying canals over r!;ad.'<, or 
across ravines, it may bo necessary to constrneL afpmducts of 
masoTivy, or troughs of iron. A handsomo brid'-c of five archei?, 
built of hard sandstone, conveys the Lancji^tcM* and Kendal 
Canal over tho rivor Luno at a height of Ci feet above the 
water. This aqueduct is GOO feet long. 

Tho next point for our consideration is tho locJc, 'J’lils inge- 
nious arraiigomeiit is intended to ovoroomo the dirdcultic?' 
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attendant npon oonreying a canal over nnlevel gproond, so that 
the nangation shall be oontinaona. There are other coubrivanoes 
besides the look for attaining this object; but for ordinary 
pnrposes the look is the most desirable. Before the invention 
of the look, inclined planes were made use of for enabling the 
barges to pass from one level to another, and it was only in 
^460 that looks were first employed upon canals. Thoy were 
need in the Canal of Martezana, in Italy. 

A look consists of a portion of the oanal fitted at each end 
with folding doors or gates, whioh when closed prevent the 
passage of the water through them, except when a valve or sluice, 
whioh is construotcd in them, is opened. By means of these 
gates and valves the water in the intermediate portion can 
be brought to the same level with that either in the upper or 
lower section of the canal, and a barge enclosed between them 
will descend with the descent of the water from the upper to 
the lower section, or will ascend with the rise of the water from 
the lower to the upper section. The upx>er gates are callod the 
sJiwce- gates, and the lower tho flood-gates. The area of the 
look should nevor bo allowed to exceed what is actually required 
for tho navigation, because every time a look is emptied the 
enclosed mass of water descends to a lower level, and causes, 
by so much, a demand upon the souroe of supply at tho higher 
levels. It is therefore dosiruble to reduce this mass of water 
as much as possible. 

Tho difference of level upon tho opposite ends of one look 
should bo kept, as nearly as possible, to 8 feet. If more than 
this, tho strain caused by the water-pressure becomes ezoessive, 
and it is better to subdivide the height by a second lock. 

The depth of a lock must bo such that a barge navigating 
tho lower section can float freely into it when the sluice-gates 
are closed and the flood-gates open, atid the height of the flood- 
gates must be such that when closed, and tho water admitted 
into the look from the upper level, it shall not overflow them. 
Tho position of a look w just at the termination of a level whore 
the ground begins to fall. It is for every reason desirable to 
oonstruot a lock of masonry, so that the. wash of the water, 
caused by opening tho sluices, shall not augment its capacity. 
Sometimes, when tho traffic is heavy, os upon tho Regent's 
Canal, in London, tho locks are made double — that is, side by 
sid€», separated by a strong pier of masonry — and a flood-gate or 
valve is placed in this pier, by which communication can be 
made between the two looks. By this arrangement a saving of 
water is frequently effected, as, instead of allowing an entire 
lookfiil of water to jiaas into tho lower section, half of it can 
be passed into the adjoining lock, should that happen to bo 
empty at the time. Great care is needed in constructing tho 
retaining walls and piers of locks. As a rule, tho thickness of 
a wall intended to support tho lateral pressure of water should 
not be less than half the height of the water wliich presses against 
it. Tho surface of tho masonry should bo set in cement, and 
the bonding should bo arranged so us best to withstand the 
thrust of the closed gates. 

Tho gatos of looks arc usually oonstruotod of timber, although 
in some instances they aro of iron. If of timber, they consist 
of two strong upright posts, tho inner being called the quoin, or 
iMUffing j) 08 t, and the outer the mitre, or shutting poat. These 


centre, and for other purposes, such as the ready unliinging of 
tho gate for repairs. In Fig. 7 is shown a plan of the ordinary 
arrangement of hanging ; c being the centre of the gate a, s tho 
strap passing round tho centre, and p the iron plat3 let into tho 
I masonry. As it would be impracticable to allow the gatos to 
rest upon the ground, owing to the friction whioh would result^ 



and os, nevortheless, any space which existed under the gates 
when closed would bo the oanao of considerable leakage, when 
the level of the water is higher on tho resisting side, their 
bases are made to close against a timber sill, called a mitre 
sill, the angle of which must agreo accurately with that at 
whioh the gates aro intended to remain when shut. This sill 
is partly embedded into tho masonry on the bottom of tho 
look, and is framed as shown in Fig. 8. The arrows indioate 
the direction of thrust. 

Tho piece ab runs transversely across tho lock, the ends 
being worked into tho side walls under the hollow quoins. Th<* 
angle acb, whioh, as wo have stated, must correspond with the 
angle at whioh the gates stand when shut, varies according to 
the views held by onginoors. It must certainly vary with the 
size of the gates — that is, with the pressure of the water. Tho 
larger tho gates the more acute tho angle should bo. The 
reason for this is obvious: since if the gates are small, tho 
pressure of water, being less, would scarcely ensure the efficient 
closing of the gates, if the angle be too acute; whereas if the 
gates aro large, the great pressure of water would act injuriously 
against the bearings of the gates, if the gates closed at too 
obtuse an angle. The nearest approach to a rule we can lay 
down is, that when tho head of water is from 5 feet to 9 feet, 
the length of the king-post K (Fig. 8) shall be one-fifth of the 
length of tho opening of the look ; if the head be less than 
5 feet, tho king-post may be one-sixth of tho opening. 

Owing to the fact that the flood-gates aro sometimes partly 
submerged, and sometimes entirely out of the water, their 
weight will vary. Long levers are therefore fixed to them, to 
facilitate opening and shutting them, at the same time being 
mode very heavy to balance them. If the gates are very 
large and very heavy, tho balance lovers are dispensed with, 
and tho gates are furnished with small iron wheels, upon which 
they rest, and which run on iron rails curved to the arc thoy 
describe. The gates are in this ease opened and closed by moans 
of chains attached to them. 
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are framed together with several horizontal rails or cross-bars, GLASGOW —1 

and tho whole consolidated by braces closely laid, and placed 

either vertioaUy or william watt webster. 

diagonally, tho dip Qlasoow is by far tho largest town in Scotland, and in point 
of the diagonal of wealth and population ranks second among tho cities of the 
being downwards j United Kingdom. It is at onco one of tho most ancient and 
from tho hanging ; one of the most flourishing oentros of commercial and maim- 
post. By this means facturing enterprise in Britain. All tho principal phases 
the stress is trans- through which trade and manufactures have passed since the 
ferred to that post, dawn of the modern industrial ora are illustrated in the story 
Thevalvcs or sluices of this city. Entering early on a commercial and manufacv 
are doors sliding vertically over orifices left in tho frame- taring career, Glasgow has steadily maintained the foremost 

work of tho gate, and usually raised and lowered by a rack and place among the industrial towns of Scotland ; and every great 
pinion worked from above. The hanging of the gates demands | discovery or improvement in tho methods of produo,tion and 
gi^t care. They must bo made to fit so uoourately both at the j transit has, quickly after its introduction, been made to con* 
and middle, as that very little, if any, water can percolate tribute to its prosperity, 
through when they are closed. Their lower centre moves in an Tho spot now occupied by Glasgow was tho site of a Roman 
iron plate leaded into the stone-work, while the upper is supported station, and tho remains of a Roman camp are still to bo seen 
by a strap keyed or bfdted to attachments lot into the upper at a place called “ Camphill,” two miles to tho south of the 
oouraoa of masonry- Tho stra]), by tho action of the keys or city. Glasgow formed part of the province of Valentia, which 
bolts, can be altered in its position, to allow fev wear in the "was bounded on the north by the wall of Antoninus, that ex- 
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tended from the Frith of Forth to the Frith of Clyde, and it i« 
believed that it oontinued in the posaession of the Boxnana till 
about the year 420, or shortly before the time when they finally 
abandoned the island. There is a tradition that the site on 
which the cathedral of Glasgrow stands was consecrated as a 
burying-ground by St. Ninian of Chilloway, as early as the 
be^ning of the fifth century ; and historians are agreed that a 
religious house or see was established there by St. Mungo, or, 
as ho was also styled, St. Kentigem, about the year 560. The 
city, undoubtedly, had its origin in a religious establishment, 
and St. Mungo is its reputed founder. Several fathers of the 
Roman Catholic Church have recounted the fabulous achieve- 
ments of this holy ecclesiastic, and those portions of the 
legendary story of his life which explain the arms and motto of 
the city with which his name has been associated for so many 
centuries may fitly find a place in this paper. The arms of 
Olasgow consist of a tree, with a bird perched in its boughs ; 
on one side is a salmon with a ring In its mouth, and on the 
other a boll. The tree is said to commemorate a miracle which 
St. Kentigem performed at Culross, when he broke a frozen 
bough from a hazel, and kindled it into flame by simply making 
the sign of the cross over it. Regarding the ring and the fish, 
nn equally extraordinary story is told in the monkish legends. 
The queen of Cadzow having lost a ring presented to her by 
her lord, who threatened to put her to death if it oould not be 
found, went to St. Kentigem in groat distress, and besought 
liim to put forth his supernatural power to recover the missing 
jewel. After he hod concluded his devotions, the saint went 
forth to walk along the banks of the river Clyde, as his custom 
was, and seeing the fishermen plying thoir vocation, ho asked 
them to bring him the first fish that was caught. It is hardly 
necessary to add that the ring was found in tho mouth of the 
fish, and that the lady was saved from the fate which threatoiied 
her. The boll is the effigy of a famous bell that St. Kentigem 
brought from Romo, which was preserved in Glasgow till tho 
Reformation, if not to a more recent period. There is no 
miraculous story associated with the bell. It is otherwise, how- 
ever, with tho motto ; — “ Let Glasgow flourish by tho preaching 
of the word.’ ’ Having incurred the hostility of the heatlien chief 
of Cumbria, St. Kentigem was compelled to fly from the newly- 
organised settlement at Glasgow, and seek refuge in Wales, whore 
ho abode for some years, and founded tho bishopric still called 
after his disciple, St. Asaph. When his enemy died, the holy 
man returned to the scene of his former labours, and was 
welcomed bock by a groat crowd. Beginning to preach tho 
Gospel to tho thronging multitude, St. Kentigem soon found 
that it was impossible, owing to the flatness of tho ground, to 
make himself heard, except by those in his immediate neigh- 
bourhood. This aooustio defect, however, was soon remedied ; 
for, lo ! on a sudden, tho plain on which he stood was trans- 
formed into a hillock, from whence he was both soon and hoard. 
According to the legends, Sfc. Kentigem received tho name of 
Mungo from his spiritual father St. Sorvan, tho Culdee of the 


sair sanct for tho oroon.” There are no means of determining 
whether Glasgow had at this period attained the dimensions of 
a town, but the nuolous round which tho oity has gathered and 
grown was now formed. The claim of King David I. to be 
considered tho re-founder of the oity, is at least as good as that 
by which St. Mungo holds the title of founder. In 1181 the 
building erected by David I. was replaced by the present pile ; 
and in 1190, King William the lion rais^ Glasgow to the 
dignity of a royal burgh, with the privilege of an annual fair, 
which is still held. For tho next century and a half, however, 
Glasgow remained a small town of some fifteen hundred inhabi- 
tants. The first bridge across the Clyde was built by Bishop 
Rae, about the year 1345; and in 1451 Bishop I'nmbull, on tho 
authority of a bull obtained from Pope Nicholas V., cstabUshod 
the University. But although tho latter exereisod almost as 
important an inflnonoe on the early fortunes of the city as tho 
erection of tho cathedral, yet as late as 1550 Glasgow was 
only tho eleventh among the towns of Scotland. 

Commercial enterprise began to manifest itself in Glasgow at 
a comparatively early period. John M'Uro, alias Campbell, 
“Clerk to tho ^gistration of Seisins and other Evidents for the 
District of Glasgow,” published a history of the city in 1736, 
when he was in his seventy-ninth year, from which wo loam 
that “ tho first promoter and propagator ” of the trade of the 
place was William Elphinstone, a cadet of the noble family of 
that name, and father of Bishop Elphinstone, the founder of 
King’s CoUoge and University at Aberdeen. This trading 
worthy Required wealth and fame about the year 1420, by 
curing salmon and herrings, and exporting them to France and 
other Continental countries, bringing back brandy, wine, and 
I salt in exchange. M‘Ure mentions as tho “ second promoter 
I and propagator ” of trade, Archibald Lyon, a younger son of 
1 Lord Glarais, who was brought to Olasgow near the close of 
I tbo fifteenth century by Archbishop Dunbar, and who be- 
1 came a groat moroliant, and “ undertook groat adventures and 
I Toyages in trading to Poland, France, and Holland.” The 
I success of this high-born merchant is attested by the extent 
of tho poKsossions ho acquired in and around Glasgow. In tho 
inventory of his wealth the following items occur A great 
lodging for himself and family upon the south side of the 
Gallowgate Street ; four closes of houses and forty-four shops, 
high and low, on the south side of tho Gallowgate ; and a pari: 
of tho left side of tho Soltmarkot.” But tho foreign trade of 
Glasgow at this time must have boon trifling, although about 
i tho year 1600 tho prosperity of tho foreign merchants excited 
! the jealousy of the tradesmen, who wished to share the ad- 
I vantages enjoyed by the former ; and tho disputes between thorn 
[ led to the establishment of a guildry in 1605, for regulating 
' and maintaining the limits of trade and commerce, having at 
I its head a dean, who was to be “ a merchant, a merchant sailor, 
j and a merchant venturer.” Tho effect of the regulations in- 
stituted by this guildry was, that none but guild brethren 
w'oro in future {>ermitted to trade or traffic in Glasgow. An 


Inch of Lochloven, whose favourite disciple he was ; and the 
word Mango or Mungah signifies in the Norwegian language 
“ dear friend.” For five hundred years after tho death of St. 
Mungo, which occurred in 601, tho history of Glasgow ie almost 
a blank. Tho pooplo who inhabited the valley of the Clyde arc 
believed to have acquired a certain degree of civilisation from 
being brought into oloae contact with the Romans, and tho 
“ Kingdom of Strathclyde,” which was founded after tho 
departure of the Romans, was intact at the time when Bode, 
tho historian, died in 735. One of tho princes of tho Strath- 
clyde dynasty conferred a grant of lands on the religious 
house which St. Mungo established ; but tho fraternity were 
robbed and maltreated, alternately by Piets, Scots, Saxons, and 
Danes. In 1115, David, Prince of Cumberland, repaired the 
devastations of St. Mungo’s settlement; and in 1129, five 
years subsequent to his accession to the throne of Scotland, 
this inons and munificent sovereign appointed his preceptor, 
John, commonly called Aohaius, to be bishop of tho see. A 
few years later the pile was rebuilt, and on its consecration 
David I., in addition to his previous gifts, conferred on tho 
community of St. Mungo the valuable lands of Partick, which 
are now in tho possessioh of the University of Glasgow. Tho 
liberality which this sovereign displayed towards the Church j 
gained him tho title of Saint, and caused one of his snccos:sors 
on tiie throne, James V., to grumble that ho had been “ unc \ 


interesting account of Glasgow half a century later is to bo 
found in a report on the revenue from the excise and customs of 
Scotland, dated 1651. “ With tho exception of the coliginers,” 
says Commissioner Tucker, “ all the inhabitants are traders : 
some to Ireland, with small smiddy coals, in open boats from 
I four to ten tons, from whence they bring hoops, rungs, barrol- 
j stave.s, meal, oats, and butter ; some to France, with plaiding, 

I coals, and herrings, from whence tho return is salt, popper, 

I raisins, and prunes ; some to Norway fur timber. There havo 
[ likewise boon some who havo ventured as far as Barbadoes. 
j . . . . The moreantilo genius of tho people is strong, if they 
wore not chocked and kept under by the shallowness of tho 
rlvor, every day moro and more increasing and filling up, so 
that no vos.sol of any burden can come up nearer tho town than 
! fourteen miles, whore they must unload and send up their 
I timber on rafts, and all other coramoditics by throe or four 
; tons of g^xls at a time, in small cobbles or boats, of three, 
i four, or five, and none above six ton.^^^ a boat. . . There are 

I twelve vobsoIh beloTiging to tho port, none of which come up to 
tho town — total 957 tons.” Tho most notable among tho mer- 
chants of Glasgow from 1651 to 1707 wero Walter Gibson nmi 
John Anderson. The f{)Tmcr had dealings with Prance, Spain, 
Norway, and Virginia, and was tho first merchant who brought 
iron to Glasgow, while tho lattor i.s celebrated aa tho first 
merchant who imported wine dixect into the oity. 
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and a D will be the real length of the arms» and F a their widfch . 
From F and o draw lines t6 the centre of the picture, cutting 
d' E in H, I. F u 1 o is the plan of the arm. 

But the timbers of which the cross is made are of equal 
thickness, and therefore f a is not only the width of the arm 
but of the upright stem of the cross ; and farther, the armat 
project horizontally from the stem, precisely as much as the 
stem projects above them, and the space out out of the corner 
of the containing rectangle is therefore a square, the side of 
which is B F. Therefore, from f and a draw lines to the polat 



PEACTICAL PEESPECTIVE.— V. 

Fio. 24. — The subject of this lesson is a cross, of a similar 
character to that shown in Figs. 20, 21; but in the present 
study the object is lying on the ground with the ends of its 
cross-arm parallel to the picture-plane. 

It will bo remembered that I^g. 20 was shown to be oon- 
tained in a rectan/nfle, and this plan is again adopted in the 
present lesson. 

From A, the point immediately under the centre of the 



pictiTTo, mark off A B equal to the distance of the top of the 
ttross on the left of the spectator; uinl from B sot off towards A 
the distjinco n c', reproRonting the entire height of the cross. 

From B Jind c' draw linos to the contro of the picture. 

From B set off n d, voprosemting the width of tho cont.aining 
rectangle. l>raw^ a line from i) to tho point of distance (tho 
point of difitmu 0 in not shown in this %nre), which will cut 
tiio jiuo drawn from n to tlio centre of tho picture in r/. 

At i/ draw a horizontal line, cutting e'e in E, which will 
complete the perspective representation of tho rectangle when 
lying on the ground. 

Now between u and d set off the lengths B F, F G ; then b f 


I of distance, cutting tho lino drawn from B to the contro of 
' tho picture in J and K. Draw j h and K ii, and thoao will 
I complete tho plan of the cross. 

I Now on F a construct a s(]iiarc, p G N o, which will bo tho 
I elevation of tho cud of tho ana 

! From if and o draw lines to tho centre of the picture, 

i At I draw a perpendicular, cutting o c in p, and at r draw 

i the horizontal P Q, which will complete tho solid renuermg of 
I the arm. 

I Tho lire drawn from g to the centre of tho pictui’c cuts .r l 

in B ; at B erect a porpendicular, cutting o c in e. At J and l 
erect perpendiculars. Through s draw a horizontal, meeting 
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the perpendioalara j and l in t and tr. At K and m erect per- 
pendiculars. l<roin T and u draw lines to the centre of the 
picture, cutting the porpcndiculurs K and M in v and w. Join 
V w by a horizontal, and this will complete the figure. Such lines 
as would bo visible in the object are then to be strengthened. 

Fig. 25. — The subject of this lesson is a simple doorway, con- 
sisting of two uprights, and a horizontal resting across them. 

Having drawn the picture and horizontal lino, and having 
fixed the centre of the picture and the point of distance,* mark j 
off the distances A B, b c\ c' p, and J> s. These will give the 
positions of the uprights. 

From B set off b j*, and from B sot off b o. 

These spaces represent the length which the horizontal pro- 
jects beyond the uprights. Those would not be absolutely 
necessary if the one figure in the foreground only were to bo 
drawn, but as a distant figure is to be added, it is advisable 
that they should be marked at the present stage. 

Draw the perpendiculars b, d, e ; join H 1 and J K, and 
from the upper and lower extremities of the perpendiculars 
draw lines to the ooutre of the picture. 

From D set off i> l equal to the width of tho recoding side of 
tho upright, and from ii draw a line to the point of distance, 
cutting the lino P in sr. At M draw a perpendicular, meeting 


Fig. 27.---In this figure the two objects are placed in a lino, 
so that their faces are at right angles to tho picture-plane. 

Having fixed F as the distance of tho objects on the left of 
tho spectator, set off from it F L, equal to the breadth of tho 
side of the object. This length is similar to ii P in Fig. 25, 
which, soon perspeotively, becomes p M. 

From p and l draw linos to the centre of tho picture ; and 
it is in this track that the object travels as it rocodes into tlic 
distance. From F mark off F B, D, E, a, as in the previous 
fignre, and from each of these points, excepting f, draw lines to 
the point of distance, intersecting p c in b', c, p' e, and a 
At F erect a perpendicular, and mark on it tho heights q and s. 
From Q and u draw lines to tho centre of the picture. 

Now from b', c, p', and E erect perpendiculars to meet Q in 
H, I, J, and l", and another from e will give s T. 

At g li draw horizontals, and at L orect a perpendicular. 
Tliia will give the square g » v u, representing the end of tho 
horizontal ; and from u draw a line to the centre of the picture. 

From b' draw a horizontal, cutting l c in o, and at u draw 
a horizontal, cutting u c in p. Join o p by a perpendicular. 

At p' draw a horizontal, cutting L c in w. At j draw a hori- 
zontal, cutting u c in n. Join w N by a perpendioolax, and 
this will complete the view of the object. 



in H, which will complete the view of one of the uprights. | 
Draw a horizontal lino through M, cutting tho line drawn from • 
B to the centre of the i)icturo in O ; also a horizontal lino from 
N, cutting H in p. Then the perpendicular o P will complete 
the perspective projection of tho second upright. 

Produce the horizontal H K, and terminate it by perpendi- 
culars from P and o, which will give tho ends g K, a T of tho 
horizontal. From g and b draw lines to tho centre of tho 
picture. Produce K p to meet g in u, and from u draw tho 
perpendicular u v. g r v tr will bo tho view of tho end of tho 
horizontal, and the projection will then bo finished. 

Fig, 26 represents the same object at a distance back in tho 
picture. Draw linos from p and o to the centre of tho picture, 
and having set off from b on the pioturo-lino (at a point not 
shown in the figure) the distance which the figure is supposed 
to bo from the picture-plane, draw a lino from such point to the 
point of distance. (Tlio position of this line shown in the 
figure is lettered w.) 

Tho line w, intersecting b in x, will give the required position. 
Through x draw a horizontal, and this, intersecting all the lines 
drawn from the points in the foreground, will give the places 
of the perprtidiculars in the dislance, and the rest of the con- 
struction will bo readily understood from the diagram. 

• The sfcn/lent is odvisiHl to fix these at different distances from those 

I tiiH fiKurd. Tl.is wiil prereut his absolutely copying the diagrams. 


Tn commencing the second figure, set off from o the length 
" equal to tho distance of the second object beyond tho first. 
From p' set off b", and all tho other points as in the first figure. 

From these points draw linos to the point of distance, inter- 
Bocting the line drawn from P to tho centre of the picture, a» 
in Fig. 25, and from these raise perpendiculars. Then tho 
lines drawn from g, R, XJ, v to the centre of the picture will give 
tho necessary points and lines for tho horizontal, and so com- 
plete tho figure. 

WEAPONS OF WAR.— VII. 

BT AN OFFICER OF THB BOTAB ARTILXiBBT. 

OBEAT GUKS AND THEIB PEOJECT1LE8. 

We now enter upon another stage of our subject. Wo have 
dealt hitherto with hand- weapons — weajpons to bo wielded by 
individual oombatants, and comprised within tho term “ small- 
arms." We have traced, however imperfectly, tho gra<la*l 
development of weapons of this sort, through the stagw of 
swords, spears, and pikes, of arrows, javelins, and missile 
weapons, up to the Noedle-gun, tho Obassepot, tho Snider, and 
tho Martini-Henry. 

Wo must now turn to groat guns, and consider tho principal 
types of cannon in use in this and foreign countries. 

The same principles which have governed the sucoossivo 
developments of small arms have applied to oaunon, with somo 
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modifications or additions. The po iver of boing ablo to reach 
your enemy at a continually increasing distance, of being ablo 
to strike liim with greater and greater certainty, of being able 
to do him more and more harm, and of accomplishing all this 
with the minimum of inconvenience and difficulty to oneself — 
tills is the problem which for several centuries the artillerist 
lias set himself to solve ; and these conditions may bo said to 
apply to all classes of ordnance, heavy and light. liut tho con- 
ditions imposed in tho two cases are very different. In tho 
case of tho light gun, tho object generally is to destroy men ; 
in tho case of the heavy gun, although the ultimate object is to 
carry destruction and dismay among tho personnel of your 
'^nemy, that object can generally only bo attained through tho 
destruction of Iiis materiel. Again, while there is practically 
hardly any limit to tho size of the heavy gun, except the ondur- 
anca of tho weapon itself, tho field-gun has to be of a weight no 
greater than will permit of its easy and rapid transport on a 
i*ampaign, and from one part of a field to another. Lieut. 
Himo, R.A., in an interesting paper on Field Artillery, in the 
Proceedings of the Royal Artillery Institution,” observes that 
“motion is the essential difference between tho two groat 
branches of tho artillery service, being as noc^essarily included 
in tho conception of field artillery, as it is nocosaarily excluded 
from the notion of garrison artillery. Tho latter is tho artillery 
of rest, tho former is the artillery of motion; and an immovable 
field artillery is a contradiction in terms.” Marshal Marmont 
used to say, “ Lo premier merito do I’artillerio, apres la bravourio 
des canoniors ct la justesso du tir, o’eat la mobilite.” It 
would seem that this proposition might bo fitly revorsod — for no 
amount of gallantry, no amount of accui*acy, would compensate 
for an absence of mobility. Ga.stavus Adol])hua, at any rate, 
acted upon this principle, for, as Lieut. Himo tells ns, ho 
resolved at tho commonoomont of tho Thirty Years’ War to 
increase the mobility of his field artillery “ at all hazards,” and 
he actually took the extrat>rdinary stop of introducing leather 
guns of groat mobility, but of inferior accuracy as compared 
with tho iron gutia then in vogue. These leather guns did 
good service before they dropped into disuse. 

Therefore, it is important to insist upon this fundamental 
distinction between field and garrison (or naval) artillery — tho 
necoBsary mobility of tho former. 

But it would not do to divide artillery into two great groups, 
aojiaratcd by a hard and fast lino. On tlio contrary— -while in 
tho one dire ction field artillery shades off into mountain artil- 
lery, and garrison artillery dovelopes into tho monster turret 
guns, which are moved on huge turn-tablc.s within tho cupola 
or tnrrot — tho two classes of field and garrison meet on common 
grouiul, and almost imperceptibly shade off one into tho other 
in guns of position and siege guns. 

If we wore required to classify artillery at all, we should 
adopt some such distribution as tho following 

1. Mouiitaiu guns. 

2 Field ciinH i artillery. 

S. Field guns | artillery. 

3. Guns of position. 

4. Siogo guus. 

5. Garrison and broadside guns. 

6. Turret guus. 

Most of those classes admit of further subdivision — for there 
are mortars, howitzer.s, carronades, sholl-giuiB, and guns proper; 
there are also snuxiih'boro and rifiod guns ; to these must bo 
added the maohino guns which have been invented of late years, 
such as tho Nordcnfeldt (4 barrels), with l-ineh bore; tho 
Gatling (10 barrels), with ‘45 and ‘05-inch boro ; the Gardner 
(6 barrels), with '45-inoh boro. It is evident, therefore, that an 
exhanativo treatment of every detail of this large subject is 
impossible within tho limits of the present series of papers. 

Until oomparatirely a few years ago nearly all artillery ■ 
consisted of smooth-bores. Rifled gnus of great variety and j 
ingenuity of design had been prepared by sanguine inventors, < 
and many of them had been experimented with. But the guns i 
of the English service, like those of other nations, remained 
smooth-bores. It may be supposed that it is unnecessary to 
speak of smooth-bores now — ^tWt their day has gone by so com- 
pletely as to invest them with no other than an antiquarian 
interest. This is not tho case; it mnst take many years j 
before smooth-bores disappear from onr service ; for some pur- I 
poses— as for the flank defence of ditches, where range and ’ 


accuracy are of no importance, while a high velocity of projectile 
is of very great importance — smooth-bores will probably always 
bo retained. Again, at this moment there does not exist a single 
rifled mortar in the British service ; while tho Americans 
scarcely use any other than smooth-bore guns, even for their first- 
class armaments. So that, although the day of rifled guns dawned 
several years ago, that of smooth-bores has not yet set. 

A smooth-bore gun is merely a hollow tubo of iron, or steel, 

I or bronze, or other suitable material, intended to project a 
spherical projectile. The expression “ smooth-bore ” has refer- 
ence, of course, to tho unrifled condition of tho bore. 

The largifst smooth-bore gun in the British service prior to 
1858 was tho C8-pounder, so called because tho solid spherical 
shot which was discharged from it weighed 08 pounds. Tho gun 
itself weighed 95 cwt.,* and it fired a charge of 10 pounds of 
powder. It is interesting to compare this, the biggest English 
gmi of 1858,t with the biggest English gun of 1883.^: The latter 
is a 1,900-ponnder, its weight is 100 tons, or 2,000 cwt., or more 
than 20 times that of the G8-poundor. Tho charge of the 100-ton 
gnii is 337 lb., or 450 lb. of powder. Before wo oome to speak 
more particularly of tho heavy guns, we have a great deal of 
ground to cover. But it seemed interesting to show by this con- 
trast tho strides which have been made in twelve years. All the 
heavy English smooth-bore guns wore made of cast-iron — about 
as bad a material os could well be employed for ordnance, 
because of its comparatively low resisting power and its liability 
to yield suddenly, and without warning when it did yield, and 
thus to cause what ortillorymon most dread — an exjilosive burst. 
However, for firing tho comparatively low charges then in 
vogue, tho cast-iron was fairly suitable. It is true that the 
annals of our artillery are darkened by tho record of many 
disasters duo to the bursting of these guns ; but it is probable 
that, had it not been for tho introduction of rifled artillery, and 
tho now conditions imposed upon tho gunmaker, cast-iron would 
have continued to be employed for several years to come. 

Wliere great lightness was required — as for field-guns — 
bronze or “ gun-motal ” was employed. Bronze is an alloy of 
copper and tin in tho proportion of about 11 to 1. The ad- 
vantages of this material are its lightness, its non-liability to 
explosive rupture, its value as old metal when the gun is worn 
out, and tho facilities of production. Oii tho other hand, tho soft- 
I ness of bronze has always constituted an objection to its use for 
j artillery ; this softness was apt to cause the guns to become 
I bulged and unserviceable with long-continue<l firing, and 
“ drooping at the muzzle ” was a complaint to which bronze 
guns were considered to have boon especially liable. 

The smooth-bore field-guns of tho British sonrico were gene- 
rally 9-pounder guns and 24-pounder howitzers for field batteries, 
and 6-poundor guns and 12-poundor howitzers for horse artillery. 
Tho howitzers differed from the guns in throwing heavier pro- 
jectiles with greatly reduced oborgos. While tlie relation of tho 
I charge to tho projectiles in the guns was about as 1 txi 3^ or 4, 

I in the howitzers the relation was about as 1 to 9 or 1 0. This 
I reduction of charge enabled tho howitzers, although firing far 
j heavier projectiles, to bo made thinner and shorter than other 
guns, which they thus did not exceed in weight — the 9-pounder 
gun and the 24-poandor howitzer weighing each about 13 owt., 
tho 6-pounder gun and 12-pounder howitzer weighing each 
about 6 cwt. The mode of carrying these pieces, as well as 
tliat of carrying and mounting guus generally, will be treated in 
a separate paper. 

Between the field-guns and the 68-poundor before mentioned, 
there were a number of guns intended for a variety of purposes. 
The designation of these guns was as follows : — 56-poundor, 
42-pounder, 32-ponnder, 24-poundcr, 18-ponndor, and 12-pounder. 
Tho 56-pounder and 42-poandor are fast becoming obsolete, but 
the other guns still exist in the service in considerable numbers. 
Tho whole of these guns were made of a weight and strength 
wluch permitted of tho use of solid shot or shell, with relatively 
heavy ohargos of powder. There wore, however, guns intended 
specially for projecting shell with low charges ; these were the 
10-inoh and 8-inch sholl-gnna and howitzers.^ There were also 

• Thera were some of 112 cwt. 

•f" A few 160-pomider and 100-poun 
queutly introduoud. 

X The BO-ton gun is the largest in oommon use. 

§ The uutuber of iuoheg whence these guns have their doslgnotioB 
refers to the diameter of the bore. 
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pioccB designed for projecting either shell or shot with very ] 
low charges ; these were called carronodcs. Th <3 charges for I 
eholl-guns and howitzers varied from about i^th to ^jth the j 
weight of the heaviest projectile ; the charges for all oarrouodes 
being fixed at about ^Ijth the weight of the shot. 

Originally shells were not projected from guns and howitzers 
nt all ; they were thrown from mortars. A mortar is a short 
piece for throwing shells at an angle of 45® into an enemy's 
position ; and for the bombardment of a town, or any large 
area, this “vertical firej*’ as it is called, is terribly effective. 
Indeed, it would be terribly effective against all positions, 
if sntficiout accuracy could bo obtained to insure hitting 
the object aimed at. But the comparative inaccuracy of 
vertical fire — the shell describing a roundabout path to arrive 
at its object, and being therefore for a longer time under I 
disturbing influences than the shell from a gun — has hitherto I 
constituted a formidable objection to its extended use. It 
will bo easily understood that the effect of a shell falling 
on to the deck of a ship would bo tremendous; but a ship, 
especially a ship in motion, presents snob a small and difficult 
object for attack, as to entail an immense waste of ammunition 
in trying to hit it. The same objection does not apply to ; 
the employment of mortars against large entrenched posi- j 
tlons, towns, etc. Attempts have been made to introduce rifled 
mortars, by which the irregularities of vertical fire may bo, if | 
not removed, at least diminished, while in range and general 
power such pieces would bo vastly more effective than smooth- j 
bore mortars. An interesting development of mortar-fire was 
suggested by Mr. Mallet, C.E., in 1858. Mr. Mallet proposed | 
to throw enormous shells, 36 inches in diameter, weighing ' 
2,481 lb., abd containing each a bursting charge of 480 lb. 
(equal to nearly five barrels) of powder. Thus, the total weight 
of each shell filled was about l i ton. Mr. Mallet also pro- 
posed a mortar of suitablo proportions to project those monster 
shells. The proposition attracted a good deal of attention, and | 
by Lord Palmerston’s order two of the mortars and a number 
of the shells were supplied by Mr. Mallet for experiment. Botli 
mortars and shells may bo seen by visitors to Woolwidi 
Arsenal, whore they form objects of curiosity and interest. 
Mortars are designated by their calibres in inches. There aro 
five sizes in the British service — viz., 13-inch, 10-inch, 8-iuch, 

5,^ -inch, and If, -inch. 

We see, then, that there existed smooth-bore ordnance suit- 
able for throwing pr<3jectilea of all sorts, and of delivering a 
“ horizontal ” or a “ vertical ’’ fire ; that those pieces wore made 
of cast-iron, except those intended for field-guns, whic.h, on 
account mainly of their greater lightness, wore made of bronze. 
But a gun, after all, is only a means to the end. It is an instru- 
ment merely for throwing projectiles, with more or loss of 
range and accuracy, more or less of destructive offeot. We 
will therefore pass to the projectiles which were used with these 
pieces, before going on to state in what manner the range and 
accuracy of the smooth-bore guns has been improved upon, and 
how artillery has attained to tho pitch of destructive power 
3fvhich it has now reached. We will therefore proceed to treat 
of the different classes of projectiles which are fired from 
smooth bore guns. 

With tho exception of such projectiles as were intended to 
break up at the muzzle and produce an immediate scattering 
effect, or projectiles which, like the ground light hall, were not 
required to have any special accuracy, tho projectiles thrown 
from smooth-bore guns were all spherical, that form being the 
one which naturally, in tho absence of rifling, could be thrown 
with more certainty and acouraoy, and to a greater distance than 
any other. Tho two main classes of projectiles are shot and shell. 
There is a third class of incendiary and miscellaneous projectiles 
which must not pass unnoticed. The varieties of eaoh class 
are much more numerous than persons generally suppose. 
Thus, tho word “shot” generally conveys but one impression 
to the mind of the non-professional. It almost inevitably 
suggests the solid “ round shot ’’ of iron. But, in addition to 
ronnd shot, there are solid steel shot, and solid ohillod iron 
shot, hollow shot, case-shot, and grape-shot. The solid shot is 
tho simplest and most primitive form of projectile, the object 
with wMch it is employed being, of oonrse, to kill or disable 
an enemy, or to battw down or penetrate his defences. When 
defences were of brick and stone, or wood, or when troops 
fought in the open, it sufficed to make the shot of cast-iron ; 
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I hut when armour-plated defences came into vogue, it was 
I necessary to use some other material. Accordingly, steel shot 
wore introduced for use with tho larger smooth-bore guns, with 
which some of our ships were still armed. The great cost of 
steel, however, and tho success which had attended the employ- 
ment of tho famous Pallisor “chilled” projeotiles (of which 
more particular mention will bo made hereafter), induced the 
authorities to give a trial to some solid spherical “chilled” 
iron projectiles, some of which still exist.* The chilled 
spherical projectiles wore far from satisfactory. Their forni 
was unsuitable to the brittle material, but it was thought 
that they were somewhat more effective tlian ordinary cast- 
iron, and they were not more e.tpensive. The fact is, that 
no spherical shot aro very effective against thick armour-plates 
— at least, any effect which may bo accomplished can only bo 
obtained at a disproportionate expenditure of power, and then 
only at very short ranges. No smooth-bore gun can compare 
mth a rifled gun for penetration ; because with the rifled pro- 
jectile, if the weight of shot bo equal to that of tho sphere, 
the diameter will bo less, and if the diameter bo equal, tho 
weight will bo more ; and wo thus have either less work to do, 
and equal power to do it, or equal work to do, and more power 
to do it. To this must bo added that the pointed form tif 
head is far more favourable to penetration than is tho hemi- 
spherical surfaoo with which tho spherical shot strikes the plate. 
Hollow shot were used by tho navy against wooden ships ut 
short ranges, in order to j>roduco a greater splintering effect, 
and to carry more fragments into tho vessel. They could not 
bo used effectively at long ranges on account of their lightness. 
Of late years empty shells have been used as hollow shot wlian 
required ; but at one time hollow shot constituted a separate 
projectile. 

An application of small solid shot, weighing 1 lb. each, must 
not be omitted. They are thrown sometimes from a mortar, in 
charges of one hundred shot. The shot are piled loose in tho 
j mortor over tho powder, a piece of wood being plac?od between 
I tho powder and shot; and agjiinst crowds of men huddled 
together, or a fleet of smjill boats, these piernerf charges of 
})ound-Hhot aro very useful. Case-shot is used for firing at 
troops in massea at short ranges. They consist of cylindrioai 
iron cases, filled with balls. The case is broken by tho dis- 
charge, and its contents are driven forward in a conical shower 
to a distance of from 300 to 400 yards from tho muz/^e of tho 
gun. 'When cavalry ore charging home, or when troops present 
themselves within the range indicated, case-shot are terribly 
effective, and many a bold charge has been checked and many 
a gallant column thrown into disorder and panic by a well- 
directed discharge of those destructive missiles. 

Grape-shot is intended for use on much tho same sort of 
occasions as would bo selected for tho use of case, except that, 
being made up with heavier balls, its range is somewhat 
greater. It was also useful for cutting and destroying the 
rigging of ships in naval actions. Originally, grape consisted 
of a canvas bag filled with balls, piled round an iron Eq)indle 
through the centre of the bag, the bag being drawn together 
between tho balls, or “quilted” by a strong lino. In this 
form the grape somewhat resembled a bunch of grapes — whence 
its name. For several years tho quilted grape has been super- 
seded by grape of a pattern known as tho “Caffln” grape. 
This pattern consists of four horizontal iron plates, connected 
by a spindle through the centre, and having three tiers of shot 
arranged between the plates. The advantages of this pattern 
are, tiiat it is less perishable than tho old-fashioned grape, 
the bog and cord of which were liable to rot and fall to pieces ; 
that it is more portable, as it can be carried in pieces, and 
put together when required ; and that the parts aro interchange- 
able. During several years past the manufacture of grape has 
ceased, it being considered that oaso-shot will answer sdl the 
purpose. 

This completes the list of shot for smooth-bore guns. Wo 
will givq in our next paper descriptions of the various sbolla and 
other projeotiles used with this class of ordnance. 


* Wo reserve for the present suoh remarks as suggest tbomsolves in 
oonneotiou witli chilled projeotiles, until we come to speak of the 
ralliser shot and shell. 

f From the Frsnoh word pisrre, a stone— frotn a number of 
having been in early days fired in tills way instead of shot. 
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TECHNICAL DRAWING.— XX V. 

DRAWING FROM ROUGH SKETCHES (continued). 

■PiG. 239 ifl half the elevation, and Fig. 240 is a vertical section 
of an equilibrium valve. Valves of this description are used 
in engines of largo dimensions, such as those for pumping in 
Cornwall. 

In these valves a large extent of opening for the passage of 
steam is given with very little traverse, whilst very little 
liowor is required to work the valve. 

In the example hero shown, A is the fixed seat, made of cast> 


It is hoped that these measurements having been given, the 
student will be enabled to complete the figure, and also to draw 
the section. 

The two drawings may be placed next to each other, as in oar 
example, in which ease all the vertical measurements for the 
exterior of the section may bo projected by simply carrying 
out the horizontal lines. Or the section may be placed under 
the elevation, in which case the measurements for the widths 
will bo obtained by drawing perpendiculars from the widths as 
sot off in the elevation. These two example should bo drawn 
to the scale of i an inch to an inch. 


by a rod, o. 

The contact of the valve with its seat takes place at two | 
places, a and 6, which are formed into accurate conical surfaces, | 
the one, a, being internal, and the other, h, external. 

Wlion the valve is closed, theso surfaces coincide with similar 
ones on the seat, and when it is lifted, as shown in Fig. 240, 
two annular openings are simultaneously formed ; thus giving 
a double ingress or ogress, as tho case may be, to the steam, 
which enters at, or issues through, the upper opening, a, through 
the central part, d, formed in the valve-piece, b. 


It is now deemed desirable to give the student another course 
of lessons in projection, and for this purpose the first subject 
selected is a bent cylinder. 

Fig. 241. — Let ab, cd represent a quarter of a cylindrical 
ring, tho centre of which is at o. 

Now if this quarter-round were out across tho middle by a 
plane radiating directly from tho centre — ^viz., o o' — and tho 
upper half wore rotated on a pivot at b, the cylinder would take 
tho bent form represented in the figure, for d would be moved 
to jy\ and B to 



The rod or spindle, c, of the valve, B, is fixed to a oontre-oye | 
tjast in one with tho valvo-pioce, and connected to it by four 
arms, two of which are shown at c c. Of tho other two, which 
are at right angles to those, one is hidden by tho rod c, and tho 
other has been out off by tho plane of section. 

Die seat is similarly formed with four arms, or deep feathers 
having an angular ring at the base, the top edgro of which is 
bovellod and ground to fit the lower edge of tho valve B, and 
when lifted, forms the opening shown at 6. 

The student will do well to draw the whole of the elevation 
(Fig. 239), of which only half is given in the plate ; but as the 
object is perfectly symmetrical, there will be but little difficulty 
in doing this. 

Having drawn the centre line, x x, set off on each side 41" 
for tho width of the fixed seat, A, erect perpendiculars, and make 
tho seat 1" high. 

The chamfered edge of tho fixed seat is J high. It will be 
seen that no measurement is given for the space above it, 
beoause this is variable, being tho aporturo shown at 6, which 
would be incroaaod if the valve-ohamber, b, wore raised further, 
or would be closed altogether when B descends; the depth, 
however, of the bevelled edge of b is 

Next Allows a vertical rim, and J from this the widest part 
of the valve-ohamber starts by moans of a portion of a quadrant 
of 1” radius, the width of the chamber being 84" in the upper 
part, and 44” in the middle, tho height of the wider poison 
being 3|", and of the narrow, B, tho arms risipg to a central 
boss 4 higher. * 


Fig. 242. — ^The plan of this object is very readily obtained, 
for it will be clear that A c rests on a circle, and that s' d' being 
the diameter of a circle equal and parallel to a c, and seen 
under precisely similar oircumstanoos, will be represented in 
plan by tho circle d" b". The diameters F G and H i being 
connected by the lines F H and G i, the plan will bo completed. 

It is, however, neoossary to add the plan of the section at 
J K. 

Now it is evident that this section is really a circle of pro- 
oisoly tho same diameter as the other two, therefore a perpen- 
dicular drawn from B will cut g i and F H in L m, which will bo 
the diameter. 

But the section is not horizontal, and therefore its plan is not 
a circle, but an ellipae, of which the short diameter is the line 
N o, obtained by drawing perpendiculars from j and k. ‘ 

To find additional points in tho ellipse, divide one of the 
circles into any number of equal parts, as p, p, q, q, and carry 
up porpendioulars to out the elevation in the points lettered 
p^ q' q\ From o' describe arcs through those points, cutting 
the section-line j K in p", q". 

From these points draw perpendiculars, and from P, p, Q, q in 
the circle draw horizontals intersecting them in p"', q'", p'", q'". 
The one half of the ellipse is to be traced through the points, 
and the other half is to be obtained in a precisely similar 
manner. 

To find the curves caused by a cylinder penetrating a sphere^ 
the centre tif the sphere not being situated in the aaeis qf the 
cylinder. 
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Let A B (Fig. 243) be the plan, and b' (Fig. 244) tho elevation 
of tho cylinder ; and lot c D be the plan, and o' d' the elevation 
of the sphere. 

Draw the tangent b r, which will bo tho plan of the vertical 
circle which would touch tho cylinder ; iu other words, if a 
knife were passed through the sphere close to the cylinder, it 


From H (Fig. 243) draw a perpendicular cutting tho diameter 
of tho sphere in the elevation in h', then with radius o h' de- 
scribe the required circle. 

The plan h i of this circle shows that it is cut through by tho 
cylinder in j and K. 

Therefore, from j and K draw perpondiculoxs cutting the 



would leave a section which would be the circle B' f', which may 
be projected from the section-line E F in the plan. 

Now this plane, as seen in the plan, touches the cylinder at 
the point o, and a perpendicular raised from this poii]^ will cut 
the circle £' r" in g. 

Again, it will be clear that all the sections of the sphere 
parallel to B F will be circles. Therefore draw H i, which 
irill be the plan of a curcle passing through both cylinder and 
sphere. 


' circle o h' in j' and K, and also in two points immediately 
above •them, j and k. Pursuing the same method, the diameter 
of the cylinder produced will give the plan l m of the circle 
1 / h', which the perpendiculars forming tho elevation of the 
cylinder cut in K, n, p, p. 

Similar points may be found for the back curve. It will be 
sufficient to show one. The line Q b represents the plan of the 
I circular plane which would touch the cylinder on the opposite 
I side, and parallel to B f. 
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This b«ing prujoctod, gives in the elevation tho cirolo q' h', 
which is cut by the perpendicular drawn from s, in tho points 

and 8 . 

The upper and lower curves of penetration are then to be 
drawn through tho points thus obtained. 

!45 is the plan and Fig. 246 ia tho elevation of a sphere 
penetrated by a hexagonal jmsm. Draw the complete plan, and 
project the elevation of tho prism and tbo external form of the 
jphoro from it. 

The last study will have rendered it clear that the plane of 
vhich A B is the plan, will in its elevation bo tho circle a' b', and 
therefore the curve of penetration on all the sides of tho prism 
will bo portions of a similar circle. 

Thus the extremities of tho arcs oi> and EF are tho points 
whore the jiorpendiculara from e' f' cut tho circle. 

Tho curves on tho sides of the hexagon are projected in the 
following manner : — 

Draw perpendiculars from the middle yjoints, h and i, of the 
sides, and intersect those by a horizontal from o", tho higlio.st 
point in tho arc ; then tho curve is to bo traced through c h' j. 
'J'ho corresponding curvos will bo obtaiuod in a similar manner. 

C()r.OIJR.~~VIL 

By PiiOFKSSOf; A. ;i. <Jhcu<;h, M.A., Koyal Academy. 

THE CULTIVATION OF THE SENSE OF COLOUB — TRIPLE COM- 
BINATIONS OP COLOUR — distribution, BALANCE, AND 
QUALITY OP COLOUR. 

Having doscribed with some fulness of detail the relations of 
colours amongst thomsolvcs and to white, block, and grey, wo 
may now extend and apply tho knowlodgo goinod to some of 
its practical uses of a decorative kind. Directly wo begin to 
study combinations of throo or more colours, and tho important 
subjects of the harmony, contrast, and balance of colours, wo 
find our ground loss sure, for not only do many subjective 
influences come in to modify the objective realities of complex 
colour-combinations, but tho element of taste — to some extent 
a perso]^ elomont peculiar to tho individual — introduces fresh 
<liflionltics in reaching a right judgment. Yet it must not bo 
forgotten that taste in great measure depends upon knowledge, 
association, and culture, and may bo developed from very small 
rudiments by proper study. Kever was there a time when the 
opportunities for such study, in relation to taste in colour, were ' 
more abundant. Commoucing with tho acquirement of the 
knowledge of the theory and tho laws of light and colour, wo | 
may proceed to study and to analyse the most pleasing and | 
attractive oolour-combinations to bo found in the works of 1 
Nature and of art. Here it is that our parks and gardens, our ! 
museums of specimens of natural history and ornamental art, 
as well as such art libraries as that at South Kensington, 
become of such special use. Tl»o dwellers in a gpreat city, if 
shut out from the pure blue of the sky, and the foaming white | 
of the ocean, if debarred from the wide beauties of the open 
landscape, yet have an opportunity of studying the wonderful 
colours of Nature. Such are shown in the softened tones, and 
tender hues, and metallic lustres of flowers, birds, shells, and 
minerals, in the pictures which represent outward facts as 
interpreted by the intelligence and skill of man, and in tho 
thousand and one forms of decorative art which so often express, 
in various degrees, tho development, historical and national, of 
the appreciation of colour. 

Wo may suitably commence to apply the laws of colour by a 
reference to tho ofTeot of certain triple combinations of primary 
and other colours. Some details of this kind have been already 
fumisbod when we were desoribing the value of black and white 
in separating related colours. Orange and rod do not accord 
well together, for they ore closely related by tho possession of 
many qualities in common, being bright, warm, and exciting to 
the eye, and so similar as to have their honndaries confused 
when placed together. A white line placed between a red and 
an orange space or device of colour not only serves to separate 
them, but to deepen and enrich their tone, by Virtue of the law 
of oontrast. But it does not do this so effectually as a line of 
black, which, ‘affording very nearly the strongest possible con- 
trast with orange and a powerful oontrast with red, brightens 
both of these colours considerably, without actually causing 
the whole combination to reflect more light to the eye, but 


rather less. Now if we wish to separate two related colours 
from each other by tho use of white or black, and these colours 
should happen to be, like blue and violet, of a cool retiring 
quality, and leas exciting than orange and red, block will prove 
itself much inferior to white. Deep tones of blue and violet 
I are so closely related to black tliat the latter effects little 
towards their separation, while it is itself injured by contact 
with them, acquiring a rusty hue. But white, on the other 
hand, while it deepens these colours, renders them purer, and 
by itself acquiring a faint tinge of the oomplementory yellow 
or orange (in obedience to the law of simultaneous oontrast) 
causes their differences to appear more distinctly. Still there 
is a triple combination slightly preferable to that of blue, white, 
and violet ; it is formed by the substitution of grey for white. 
The contrast becomes less violent, and is undoubtedly more 
agreeable. ‘Without going ihrough the whole series of primary 
and secondary colours in their relations to one another, and to 
grey, white, and black, it will be useful to furnish an ontline of 
the principles by which such combinations may bo classified 
and valued. Triple assortments of this kind may be arranged 
in three groups : — 

1. Two primary colours, with fa) white, (b) grey, (c) black. 

2. One iirimary and one secondary colour, with white, grey, or black. 

.3. Two Bocondaiy colours with white, grey, or black. 

1. Of the first species of triple assortments there may bo 
nine varieties, even if wo limit the list to those varieties in 
which the colours are separated by the white, grey or black : — 
Yellow— with white, grey, or black — and red (three varieties). 


Bed— with white, grey, or black — and blue (ditto). 

Blue— with white, grey, or black— and yellow (ditto). 

2. Of the second species of triple assortments there may be 
twenty-seven varieties ; — 

Yellow— with wliite, grey, or black— and oranj^e (three varieties). 
Yellow— with white, grey, or black — and violet (ditto). 

Yellow— with white, grey, or black— and green f ditto), 

lied— with white, grey, or black— and orange (ditto). 

Bed— with white, grey, or black— and violet (ditto). 

Bed— with white, grey, or black— and green (ditto) . 

Blue— with white, grey, or black — and orange (ditto). 

Blue— with wliite, grey, or black— and violet (ditto), 

Bhie— with white, grey, or black— and green (ditto). 

8. Of the tliird spocios of triple assortments there may be 
nine varieties : — 

Orange— with white, grey, or black— and violet (three varieties) . 
Violet— with white, grey, or black— and green (ditto). 

Green— with white, grey, or bluok— and orange (ditto). 


In those lists we have presented the simplest kinds of triple 
assortments in their baldest forms. Before we can form any 
just idea of their relative merit, so far as the degree of pleasure 
they convey to the eye is concerned, it will be necessary to look 
a little more closely at the various conditions under which those 
assortments of colours may be made or met with. Supposing 
our coloiu’B to be produced by the purest pigments, and each 
one of them to present its characteristic depth of tone (which 
we have previously described as its equivalent), we shall yet 
find that the effect of any one of our series, above given, of 
simple triple colour-assortmonts depends npon many minute 
partionlars. Amongst these we may name, as the most im- 
portant, the relations of the colour-elements of each assortment, 
so far as oonoorn their — 

1. Distribution, as to form and surface. 

2. Proportion or balance. 

3. Quality, as to warmth, brilliancy, etc. 

The consideration of the texture of tho oolourod material, its 
Instre, transparency, and similar physical character, together 
with tlio modifications of colour produced by different kinds of 
illumination, being deferred for the present, we proceed now to 
say a^ few words as to the distribution of the constituents in 
combinations of three oolonrs. The simplest case is the presence 
of the three elements on three equal and similar spaces, snob 
as a square spaoe of yellow separated by a similar square space 
of white from one of red *, or we may have a disc of red, sur- 
rounded by a ring of white, and that bordered by a second ring 
of yellow, each surface Wng of equal area. Differences of 
area, as well as of form, may also be taken into consideration. 
The white spaoe may be reduced to a narrow band separating 
the yellow and red, or it may be increased so os to form 
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BOTeral strips, and then arranged in the order white yellow, 
white red, and so on. This is not only an alteration in the 
relative space ocenpied by one o£ the elements in a triple 
assortment, but it involves an alteration in the way in which 
the clement is distributed. The mode of distributing colours, 
however, belongs rather to the subjects treated of in the 
** Principles of Design,** although it undoubtedly influonoea to a 
groat extent the quality of the colour-effects produced in any 
assortment of hues. We will, however, say a few more words 
about the effects of the mode of distributing colour on a surface 
when wo have touched upon the two allied subjects of the 
balance of colour and the quality of colour. 

The balance of colour has been already alluded to in Lesson 
IV., and has likewise been explained by the writer of the Prin- 
ciples of Designa.”* The principle which underlies the idea 
of the balance or proportion of colour is that the eye and 
mind demand for their satisfaction the presence of the several 
elements of the chromatio scale in some form or other of com- 
bination, and in such proportions as shall bo competent to 
re-constituto white light, whiteness, or groyness. But there 
are throe facts which must not be lost sight of in studying the 
balance of colour in any actual composition. The first of these 
facts is that our purest pigments are far from representing the 
several colours of the spectrum, and so we can only approximate 
onr groups of coloured surfaces very roughly to the proportions 
required by theory. The next fact is that this theory itself is 
merely a provisional one. For, as wo have already pointed out 
(see “ Colour,*’ No. IV., ijage 211), Professor Maxwell and other 
observers have shown that the commonly received theory as to 
the primary colours is not altogether true or competent to 
explain some of the most important phenomena of colour. 
Convenient this ordinary theory certainly is, while its defects 
do not obtrude tliomsolves upon our notice when wo examine 
the impressions produced by coloured terrestrial objects. But 
wo will not go over this ground again here, merely mentioning 
the inboront defoctivenesB of tho usual theory of the coloured 
ooustituonts of white light, in order to point out how it is that 
wo feel unable to claim any real or complete scientifio basis for 
our present views as to the balance of colour in a composition. 
Wo must, however, for the present accept and utilise those 
viows in default of better ; but it would bo improper to olaim 
for them an unhesitating accoptanoo or adoption. But oven 
supposing the theory of tho balance of colour to have greater 
pretensions to truth than it really possesses, there is a third 
fact which tends to lessen still further its value and applica- 
bility — wo refer to the satisfactory and agreeable nature of 
many oolour-combinations which glaringly transgress its de- 
mands. Yet the fact that tho contemplation of a single pure 
and bright colour viewed alone gives us pleasure no more 
negatives the idea of tho greater and more complex kind of 
I>loasure derived from an assortment of colours than the sweet 
quality of a particular note in tho human voice or a musical 
instrument disproves the superior beauty of a chord. So, too, 
just as some airs have but a very limited range of musical 
tones, yet possess a simple and quiet beauty of their own, so a 
few colour-tones of the same scale, or a series of three or four 
closoly-relatod colours, may give us great pleasure, and seem to 
employ and satisfy tho eye. There can bo no doubt, then, that 
while the colour-elements are beautiful by themselves and in 
a lai go number of simple combinations, fresh beauties of other 
and less obvious sorts are brought out by assorting colours in 
obedience to certain prinoiples. So far as balance or propor- 
tion is concerned, we may say that of the most brilliant and 
luminous oolours, such as yellow, we need least in any assort- 
ment ; of colours of intermediate power, such as rod, a larger 
quantity may be used ; while tho deep and more retiring blue 
demands a space at least equal to that occupied by both the 
yellow and the red. White will be used most sparingly, as 
being more brilliant than yellow ; and black will likewise be 
employed temperately, as the deepest of all tones, and giving 
the most violent contrasts possible. Hero it is that the im- 
mense value of grey and the tertiary hues is ospeoially felt. 
For suppose we desire to convey some particular impression 
by a colour-assortment, we can often do so, without widely de- 
parting from the balance of oolonr, by introducing grey into 
the assortment, either by itself or mixed with a colour, so as to 

* QTscHiacAL Eoucaiob, Vol. I., p. 221. 


i produce a “ broken tone.” Thus, if we desire a quiet but not 
cold assortment of colours, we may mix with our yellow enough 
grey to turn it into citrine, and then tho oomplomontary violet, 
which in a binary assortment is tho other necessary oonstitnent, 
will not produce so sinking a contrast as with the origijial 
yellow. Wo may, also, then increase the proportion of surface 
covered by the citrine, so as to lighten the whole effect. In such 
j a combination, white, too, may be introduced with more satisfae- 
tory effect, as it accords better with yellow when tho latter has 
been made less brilliant by admixture with grey than it does with 
pure yellow, which too much resembles it in brilliancy. In con- 
sidering the balance or proportion of this or any such arrange- 
ment, or of those arrangements in which there is a manifest defi- 
ciency of some one colour-element, it should not bo forgotten 
that wo have continually occasion to devise combinations of 
oolonr which are not intended to stand alone; indeed, it is 
usually impossible, oven if it were desirable, to isolate the oolonr- 
aaaortmonts of natural or artificial origin. Thus tho very ele- 
ments which may be needed to supply the chromatio balance in, 
say, an old blue and white jar of the porcelain of Nankin may bo 
furnished by tho deep brown stand on which it is placed, or by 
the furniture or paper of the room. We must not, then, expect 
in all the fixed or movable decorations of a house that per- 
fectly balanced proportion which the whole of them taken 
together may offer. The position, use, and material of each 
coloured object will necossitate a particular preponderance of 
certain colours, while a perfect colour-balonco in each part 
would constantly lead to a very imperfect one in tho whole 
system or arrangement. 

Something has already been said of tho quality of colours, as 
influencing our estimation of tho value of their several assort- 
ments. We hero return for a short space to this subject. In 
describing the primary and secondary, wo have shown that 
their fullest and purest tones differ greatly in different cases. 
No tone of yellow can bo obtained of equal depth with the 
corresponding tone of blue. Tho brightness or brilliancy of the 
yellow will always cause it to contrast, not only so far as the 
tone is oonoemed, but also in relation tt) colour, with tho blue. 
To deepen the yellow wo must mix black with it, turning it 
into brown. Colours such as green and rod may bo obtained of 
full tones and yet equal intensities, so as to offer no contrast 
of tone, only one of colour. The inherent brightness or sombre- 
1 noHS of oolours forms, then, ono of their most important quali- 
ties when they are introduced into combinations or assortments. 
Of course, the quality of colours is variously modified by admix- 
ture with other colours, or with white, grey, or black. Combi- 
nations of secondary and tertiary colours and hues, while 
influenced by tho same principles of distribution and balance 
as those just laid down, are loss capable of yielding discordant 
and unsatisfactory assortments. Tho contrasts between them 
are less violent, while their assortments admit of more varied 
treatment and more subtle expression. Wo shall have occasion 
to notice the great value of several of the more indefinite and 
mixed hues in tho remaining papers of this series. 


BUILDING CONSTRUCTION.— XIII, 

JOINTS IN TIMBER (continued). 

In tho present lesson we continue the instructions commenced 
in our last for joining pieces of timber together. Tho import- 
Bwiw of ascertaining the best methods by which separate 
pieces of timber may be joined together so as to present the 
greatest amount of resistance to pressure, whether vertical or 
lateral, cannot bo insisted on too much, for it is clear that 
considerable injury might result from the adoption of a de- 
fective mode of making a joint. It is in cases of this kind that 
technical education becomes so strikingly apparent. Of 
kinds of joints, one of which presents certain mechanical 
advantages, an unskilled or ratW untaught workman will 
select that joint which happens to suit his fancy, while the 
skilled workman will at once adopt that which ho can see will 
be moat effective from a mechanical point of view. 

Fig. 106 shows a mode of lengthening timber, first by means of 
halvingt and additionally by a dovetail. This joint is supposed 
to bo supported from below, as in tho case of a wall-plate, 

The dovetail gives this joint power to resist any tension which 
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might tend to pull tho parts asunder, and also strengthens it ’ tho sally at the end must bo formed by a very obtuse angle, and 
against lateral pressure. ! the edge of the points, and of the parts which receive thorn, 

Figs. lOd and 107 are two forms of scarfing which are very | must be worked very true, or there will be a chance of tho wood 
generally used. The principles of scarfing having been fully being split by vertical pressure. 

explained, it is not necessary to repeat them here. Fig. 107 h'igs. 109 and 110 ore joints used for lengthening timber 

shows the “ sally,’* or point given to the end of each part to when Bupi)orted by columns or walls. 

resist lateral i)rettsure. Wo now proceed to speak of joints properly so called. 



Fig. 108 is a joint effected by a tongue or tenon in the one 
part (h) fitting into a mortiae or slit of similar width in tho 
other (a). This is oonaiderod a very good joint when the beam 
so joined is supported by a column underneath the joint. In 
such oasos it may ho placed on its narrow aide, so that the 
of the tongue may bo vortical. The sides of the part a 
then strengthen ti o beam against lateral strain. This method, 
too, )« found very effootive when used vertically, there being no 
possibility of the x>arts slipping over each other. In this case 


Where two pieces of timl)Gr of equal tliiokness cross each 
other, and the joint is to be Jlush — viz., the pieces when joined 
are to form a flat surface — ^thoy are halved together ; that is, 
a piece is taken out of oaoh of half its thickness and of the 
breadth of tho piece which is to cross it, and thus the one drops 
into the other, as shown in Fig. Ill, and pins are then driven 
through both. 

When a joist is to rest on a girder, the joint is said to bo 
“notohed in** (Fig. 113), pieces of an oblong form being taken 
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out ot tho opposite upper edges of the girder or lower joist, and 
a piece (a) is taken out of the lower edge of the upper timber 
equal to the piece (b) left standing in the middle of the girder. 
The upper one then drops into the notches. 

When the beams stand square with each other, and the 
* strains are also square with the beams, and in the plane of the 
frame, the common mortise and tenon is the most common 
junction. This is shown in Figs. 113 and 114, and will not re- 
quire any explanation. A pin is usually put through the joint 
in order to counteract any force which may tend to separate 
the pieces. Every carpenter knows how to bore the hole for 
this pin, that it shall have the tendency to draw the tenon 
tightly into the mortise, thus causing the shoulder to butt closely 
without the risk of tearing out the piece of the tenon beyond 
the pin if he draws it too much. Square holes and pins are by 
far preferable to round ones for this purpose, bringing more 
wood into action with less tendency to split it. A joint of this 
kind often used is that called “foxtail joint,'* the peculiarity 
of which is that the mortise (Fig. 116) is not cut through the 
wood, and still the tenon is firmly wedged in. The mortise is 
cut wider at the bottom than at the top ; the end of the tenon 
(Fig. 115) is then slightly split in several places, and wedges 
of hard wood are inserted ; the tenon is placed in the mortise, 
and the piece driven in with the mallet. As the broad ends of 
Hie wedges are forced against the bottom of the mortise they 
split the end of the tenon, which thus spreading out fills up 
the wider part of the cavity. In order to prevent the wedges 
si)litting the piece beyond the shoulder, the outer wedges placed 
near the edge of the tenon should bo very thin, and project 
further than the others ; the succeeding pairs should bo rather 
thicker as they follow inward, and should stand out from the 
end less and less. Now it will be clear that a and h will touch 
the bottom first, and as they come into action will split off a 
very thin slice, which will bond without breaking ; the wedges 
r and d will act next, and will have a similar effect ; thus, the 
rest, as they come into operation, will be prevented splitting 
the tenon further than is required. The thickness of all the 
wedges added together should bo equal to the difference between 
the width of the mortise at the top and at the bottom. 

The binding joists of a floor aro mortised into the girder. In 
this case the tenon should bo as near the upper side as possible, 
because the girder would, in the event of its yielding to any 
strain, become concave on that side ; but as this exposes the 
tenon of the binding joist to the risk of being tom off, it is 
necessary to mortise lower down. I'he form of mortise (illus- 
trated ill Fig. 117) usually given to this joint is extremely 
judicious. The sloping part, a, gives a very firm support to •the 
additional bearing, a <Z, without much weakening the girder. 
This form should bo adopted in every case where the strain has 
a similar direction j e is a pin driven in from the top of tho 
girder throngli tho tenon, which gives it additional security. 

Tho joint that most of all demands careful attention is that 
which connects tho ends of beams, when one pushes tho other 
very obliquely, putting it into a state of tension, Tho most 
familiar instanoo of this is tho foot of a rafter pressing on the 
tie-beam.* When tho direction is very oblique (in which case 
t)i 0 extending strain is the greatest), it is difficult to give tho 
font of tho rafter suoh a hold of the tie-beam as to bring many 
rf its fibres into tho proper action. There would be little difli- 
i:nlty if wo could allow tho end of the tie-beam to project a 
email distance beyond tho foot of the rafter ; but, indeed, tho 
dini'insions which are given to tie-beama for other reasons are 
alw.ays eufficiont to give onougli abutment when judiciously 
e mployed. This joint is, unfortunately, much subject to failure 
by the effects of the weather. It is much exposed, and fre- 
qnonlly perishes by rot or by becoming so soft and pliable that 
t\ very small force is sufficnent either for tearing tho filaments of 
the tie-beam or for crushing them altogctlier. 

Long tenons to the ends of rafters aro not now so much used 
ns they formerly wore. Tliey have been observed to tear up the 
wood above them. n.Tid thus to pu.sh their way to tho ends of tho 
rafters. Carpenters, therefore, now gir'^o to the too of the tenon 
a shape which abuts firmly in tbe dh'cction of the thrust on 
the solid bottom of tho morti.so, whicli is well supported on tho 
r.rder side by the wall-plato. This form, which is reprosented 


* The parts to which these namoa apply triU. he found in a future 
lesson. 


in Fig. 118, has the further advantage of having no tendency to 
tear up the mortise. The tenon baa a small portion (a) of its 
end out perpendicular to the surface (b c) of the tie-beam, and 
tho rest (d) is perpendicular to the length (« f) of the rafter. 

Fig, 119 is another form of tenon for the foot of rafters. 
Hero the whole thickness of the rafter is brought into service, 
and the end a b, out so as to make a right angle with the sur- 
face of the tie-beam, is sunk into it, the lino c gradually slant- 
ing down to d; tho tenon c dh e, then, whilst it is the whole 
length of the part of tho rafter entering the tie-beam, is only a 
part of its thickness ; and, as will be seen in the illustration, 
tho end of the rafter and tenon, a b, forms a perpendicular with 
tho upper surface of the tie-beam, whilst b e is at right angles 
to b a. 

This joint is common on the Continent, but has been objected 
to by some carpenters on the ground that, should there be any 
shrinking in tho king-post which should allow it to sink, the 
I rafter would turn on the point c, as on a pivot, and the point 
I b, describing an arc, might push up tho wood above it ; but this 
I does not soom very likely. It is quite impossible, within the 
limits of tho present lesson, to dwell longer on this depart- 
ment of woodwork ; but enough has been said to give important 
aid to tho student of that branch of Building Construction. 
The joints by which tho ends of rafters abut on the beams aro 
often bound by iron straps. These will be shown in tho illus- 
trations oonneoted with roofs. 

Fig. 120 shows a joint of a similar character to Fig. Ill, but 
more complex in its working. It is not adapted for largo works, 
being still more weakened by tho cutting away of tho pieces at 
the side. 

Of course, tho joint is only half as strong as the timbers ori- 
ginally were, owing to half the thickness of each being taken 
out. If, therefore, they are of any considorablo length, the 
joint must be supported. 

Fig. 121 shows the method of halving when the timbers cross 
each other at any angle, and Fig. 122 is a separate view of one 
of tho ports. 

Fig. 123 exhibits two methods (a and b) in which timbers can 
bo united at right angles to each other when they are not to 
cross. These illustrations are too plain to need any explana- 
tion. 

Fig. 124 is one of the numerous methods for uniting timbers 
at an angle of a building by moans of a dovetail joint, by which 
means the end of each is locked into tho end of the other. 


ELECTRICAL ENGINEERING.— XIV. 

BY EDWARD A. O’KEKFFE, B.K., A.8.T.E., 

Demonstrator in Electrical Engineering, City and: Guilds of Loudon 
Tcclmicttl College, Finsbury. 

MEASUltlNG INSTRUMENTS. 

In order to make a reliable moasuroment of tho strength of 
current flowing in any circuit, it becomes a matter for oonsi- 
deration which of the effects which tho current is capable of 
producing shall be utilised for making tho necessary determina- 
tion. Tho throe properties of the current which are made use 
of for measuring its strength are : — 

The chjcmical property ^ or the power which a current pos- 
, BQASCB of decomposing certain liquids through which it pasties 
into their constituent elements. This phenomenon is called 
Electrolysis. 

Thr vKignelic properiy, or the power which a current pos.soKscs 
of deflecting a pivoted or suspended needle placed in its vicinity, 
and obliging it to tako up a definite position depending on the 
strength of the current. 

The heaiiwj property^ or tho power which a current possesses 
of heating a wire through which it passes, 
j CHEMICAL METHOD. 

; • The' cogyper voUcancter , — From trustworthy experiments, it 
; has been found that if a current of one ampere passes through 
' a solution of sulphate of copper for one bccotuI, it will deposit 
1 *000329 gramme, or *005084 grain, of pure capper on the 
j electrode which leads the current out of the liquid. ^ The eamo 
1 quantity will bo deposited by a current of jV, ampere flowing 
iter ten seconds, by ampere flowing for 100 seconds, or by 
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10 ampdrea flowing for second $ in other words, tjhe amount 
deposited is proportional to the . strength of the oarreftt, and to 
the time during whioh the ourreut has been flowing. ^ '< 

For any case-^ * 

Let w =: the weight in grammes of the metal deposited, 
„ c = the ourrej^t in amp^s, 

' „ t = the time in seconds daring whioh the current 
tes. been flowing ; 

Then W = €"x f x *000329, 

or o = 

t X *000329 

Wo can thus measure the strength of the current by weighing 
the metal deposited by it, and noting the time during whioh 
the operation has continued. The apparatus used for perform- 
ing tMa experiment is called a voltameter. The current is led 


into and out of the liquid by two squire copper plates called 
electrodes. The plate by which the ourreut enters the volta- 
meter is called the a/node ; that by which it leaves it the kathode. 
They are fixed in the liquid parallel to one another, at a distance 
of about half an inoh apart, and the size of each plate should be 
so regalated*aB to expose an area (on each face) of at least two 
square inches for every ampere passing through the volta- 
meter. If the plates are smaller than this the copper will be 
deposited too quiekly, and, instead of forming a firm film on 
the kathode, will be in a loose condition, liable to be partially 
washed off when the plate is removed for weighing. The 
kathode should be made of a very thin sheet of hard copper, 
so as to etpose a large area, and to introduce the smallest 
possible error, in determining its increase in weight. Before 
commencing the experiment the plates 'Should be thoroughly 
cleaned by washing them with water and silver sand, and 
rinsing them with distilled water, carefully avoiding touching 
them with the hpnds, which are always more or less greasy. 
They should then be heated and weighed. The plates should 
consist of pure copper whioh has itself been deposited 
electrically. 

The solution idibnld be made up of distilled water and oho- 
mioally pure crystals of sulphate of copper. It should be very 
slightly acid, and should have a density of about 1*15. 

The silver vdltameter , — The deposition of silver can also bo 
used for measuring currents. It is advisable to deposit it in 
a platinum bowl whioh has been subjected to the same cleansing 
premess as the copper plates. The area of the surface on 
which the silver is deposited should be about three times os 
large as in thoitoaBe of copper for the same current. 

The solution oonsists of nitrate of silver and distilled water, 
in the proportion of throe ounces to the pint. The weight of 
silver deposited by one ampdre flowing trough this solution 
for one second is *001 1 18 gramme. The silver has the advantage 
over the copper voltameter, that the weight of metal deposited 
by the same current is considerably greater, and henoe the 
increase in weight can bo more easily determined with aoonracy. 
At the same time, greater care must be given to the cleansing 
of the metal^ before oommenoing the experiment, as any grease 
on its surface may seriously interfere with the quality of 
the deposit, and make it loose and friable. 

The kathode consists of a thick silver disc placed horizontally 
in the bowl, eqajtdistant from the sides and bottom. It should 
bo wrapped in a pieoe of filter paper, to prevent any loose par- 
ticles whioh may be detached by the current from falling on to 
the bowl, and thereby increasing its weight. After the experi- 
ment the bowl should be first rinsed with distilled water, then 
with aloohol, then with ether, and finally dried over a spirit 
lamp before being weighed. { 

A platinum bowl is used in preference to a silver one, because ' 
the deposited silver can bo re-formed into silver nitrate by the 
addition of nitric add, whioh does not act on the platinum, and 
the bowl is reduced to its original condition and weight. Had 
u silver one been used, the deposit should be allowed to remain 
on it, and the bowl would, after a few experiments, become too 
heavy to be used with any ^degree of accuracy. 

it is clear that this mqthod is not suitable for measuring 
<mrrents under ordinary ^^ommerc^l ciroumstanopS^ Still, it ! 
is almost invaluable for standardising instruments which give 
direct indieations of the currents passing tbroi^gli them. 

The Voltameter furnishes us with a thoroughly reliable 


method £o%^onratbly measuring ouri^eiits of moderate sfopngth, 
but for measuring either very small or very large onm it is 
almost useless unless very special prebaations are t^en to 
insure accuracy^ . 

The instruments used for measuring- oiments are divided 
into two classes, according to the strength m the currents they, 
are intended to measure. Those used for measuring large 
currents are called amp^e-meters ; those used for measorihgr 
small onrrents are oalled voltmeters. An ampdre-mbter is essen^ 
tially an instrument of extremely low resistance throngh whioh 
the whole or a definite proportion of the whole current flowinff 
in the oirouit passes. Its resistance should be so small that 
when it is introduced into the circuit the total resistanoe of ' 
the oirouit should not be appreciably increased. A voltmeter, 
on the other hand, is essentially an instrument of high resists 
anoe whioh is conueoted to \wo points of a oirouit -between' 
whioh vro require to know the s.h.f. that is working. Its re- 
sistanoe should be so h^h that when it is joined up in the 
oirouit the distribution of the s.xc.v. should not be appreciably 
ohanged, or, what is the same thing, the total resistance of thp 
oirouit should not be appreciably decreased. 

A good ampere-meter, which is to be used for ordinary com- 
mercial work, should fulfil as many as possible of the following 
conditions : — ' ; 

1, It should be direct-reading ; i,e., its indications should be 
read in amperes directly ; 

2, It should be dead-beat ; i.e., it should give its true xoad- 
ing directly the current is passed thron|di it ; 

3, It should be portable and not liabjiw get out of order ; 

4, The aconraoy of its readings shomanot be dependent 6n 

the strength of so-called permanent magnets, or^on the eart^'^ 
magnetio field ; ; ^ 

5, Its readings should not be influenced by the presenoe of 
powerful magnets in its vicinity ; 

6, It should measure accurately, alternating os well as con- 
tinuous currents. ^ 

No instrument at present in the market fulfils all these 
conditions, and few, if any, fulfil condition No. 6. \ 

In evexy instrument there is at least one moving part whioh 
is acted upon by the current passing throngh the instrument. 
This parfc must be controlled by some force aotixig against the 
ourreut and tending to keep the moving part in its zero 
position. In the instruments which have come into general 
use, this controlling force is derived either from a springs, 
permanent magnets, or gravity. . > 

SIBUSKS* ELECTUO-DTNAMOHICTEB. [ ' ' 

In this instrument the controlling force is supplied by a 
spiral spring, which is balanced against the foroe exerted by 
one portion of the current in the movable part on another 
portion of the safue current in a fixed coil. 

Fig. 31 giye*> 8. perspeotive view of Siemens* eleotro-dyna- 
mometer. A wooden base containing three levelling screws 
supports a rert4cal wooden frame whioh carries the working 
portion the Instrument. The spiral spring, f, is fixed at 
its upper end to a milled head whioh carries a pointer, and at 
its lower ei^ to the movable part, w w. This movable part 
consists of a single rectangular turn of wire, the ends of which 
dip into mvoury cups, and whioh is supported by a thre^ 
which passthrough the spiral spring. This movable part 
(or coil) lia6 attached to it a pointer, z, whioh should always 
point to zero on the scale, t. The fixed coil, a a — which,, when 
the instrumeur is being used, has its plane at right angles to 
the morale one — is^really made up of two coils : one, consist- 
ing of thick wire, is used for strong currents ; and the oth4r, 
consisting of thinner wire of five times as many turns, is used 
for weaker currents. The thick coil is attached betv^n the 
terminals 1 and 3 ; the thin one between th^ terminals | and 2. 

A plumb line at the right-hand side of the instrument serves to 
show when it is level. 

When this instrument is used for measuring a current it 
must first be levelled and then fixed so that the plane of itf 
movable coil is at right angles to the earth’s magnetio field — 
tliat is to say, the plane of the fixed coil should lie in the 
magnetic meridian. Both the pointer attached to |ibe spiral 
spring and that attached to the movable coil should ncHw^point 
to zero on the scale, otherwise the instrument will bo out*of 
adjustment, and must bo put right by unscrewing the pinch- 
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screw j^ioh fixes the pointer to the milled head, and taming 
the p6^ter till it comes to zero, taking care not to move the 
spring at the same time. The current flqwa through the fixed 
and movable coils in series, oonneotion boing^ made between 
tl^raa by means of the meronry cups into which' the ends of the 
movable coil dip. The force exerted by the current in the | 
' two coils tends to make thepiovable one tom into the same 




Fig. 28. 


Fig. 31. — SIBMKNS’ ELRCTRO-DYNAMOMETEB. 

ptahe as the fixed one, but this movement is controlled by the 
ton^ion of the spring. The milled head is now turned so as to 
oppose the force of torsion to the electro-magnetic force acting 
between the two portions of the current, and the turning is 
continued till the movable coil again points to zero. When 
in this' position the force exerted by the current on itself is 
balanced by the torsion of the spring, and the angle of 
torsion is registered by the pointer attached to the milled 
head. The force exerted by the torsion of the spring is pro- 
portiopal to the angle through which the spring is turned, 
a14d the force exerted between the two portions of the current 
proportional to their product — i.e,, to the current squared ; 
therefore, using symbols, 

Let c = the current in amperes, 

,, D = the angle of torsion in degrees, 
then c = K V D, 

where k is a constant which can be determined by comparing 
the instrument with the copper or silver voltameter, and which 
is called tlu‘ constant of the msirument. 


thp: steam-kngtne.-~^vl 

Jjy J. M. WiOKKU, B.A,, B.Sc. 

THE CYLINDKIl (COIlfinW^d)'— STUFFINQ-BOX— SLIDE VALVES. 
Whjin- the cylinder is cold, as at starting, a portion of the 
stcami condenses on its inner surface, and settles as water in 
iti5f lower part. 'Ihis. if allowed to accumulate, would very 
materially interfere with the working of the engine. ‘‘Bh)w- 
off cooks *' are therefore introduced to carry oiT the condensed 
water, hnd throngli those some of the sl/^am is allowed to 
escape. They should bo opened for a little time when starting 


the engine, until the cylinder beoomee thovonghly heated. 
Almost all condensation will then cease, and they should at 
onoo bo closed again. If the (^linder is exposed to the 
air, it loses heat by radiation, and therefolp the amount 
of condensed water is largely inoreased. This waste mav, 

I however, to a very great extent, be obviated by jacketing 
the cylinder — ^that is, covering it with some non-oox^duoting 
substance, which prevents the radiation of the heat. Felt 
or some similar material, 
is usually employed for 
this purpose, and outside 
this strips of wood are 
placed, and held in posi- 
tion by brass bands, which 
give a finished appearanoo 
to the whole. 

The under si&o of the 
piston is spmetimos nearly 
or quite even ; more com. 
monly, however, it is con- 
i siderably hollowed ont, to 
allow the nuts for adjust- 
ing the packing-springs to 
, be got at easily, •gt else 
I the end of the piston-rod 
I projects a little way where 
I its nut is sorted on. In these oases the lower end of the 
oylindor is so ^shaped as nearly to fit it, and thus to obviate 
an unnecessary waste of the steam, llio interior ro\^nd the 
ports is also cut away a little, so os to allow the steam to paea 
below tbo piston when the latter is at the end of its stroke. 
Were it not for thi^j, the piston would completely cover the 
port, and thus the engine would not act nnloss the fly-wheel 
had sufficient momentum ^to raise the piston a little way, an i 
allow an entrance for the steam. 

In the centre of the cylinder-cover an aperture is out for tho 
piston-rod to pass through, and this has to bo packed, so as to 
allow of the rod moving up and down without excessive fric- 
tion, but at the same time to prevent any Icakf^e of tho steam. 
This is accomplished by means of a “ stuffing-box,'' the con- 
struction of which wiU bo understood sfrom Fig. 28. The 
aperture iu tho cylinder-cover is of larger diamoler than he 
piston-rod, so as to avoid the friction of ir^ against iron A 
cylindrical cup or box of larger diameter la then fixed to the 
cylinder-covering over the opening and this is filled with 
plaited hemp, or some similar material, well lubrioated. A 
cover is fitted to tho upper end of the stuffing-box, which can 
be forced down by means of a screw, so as to compress the 
packing to any required extent, and in this way the effect oi 
wear is easily obviated. 

This packing must be kept sufficiently charged with oil or tallow, 
otherwise the steam will escape *, sometimes, however, the oil is 
volatilised by the steam to, a limited 
extent, and is found to injure tho 
piston and cylinder. A self- lubri- 
cating packing has therefore becu^- 
iroducod, which has met with a g^d « I 
deal of approval; in tho figure the 
stuffing-box is shown as packed with 
this. 

Before inquiring into the manner in 
which tho alternate motion of tho piston- 
rod is imparted to tho machinery, we 
must see the way in which the supply 
of tho steam is so regulated as alter- 
nately to enter each end of tho cylinder. 

This may, as wo have scon, be effected by 
moans of cooks, and in tho first engines 
made it was accomplished in this vrsy. 

This plan, however, soon went out of 

date, and some modification of the slide-valvo is now most 
generally adopted. In some oases spindle or pui>pet ” valves 
are employed. , 

The simplest form of slide-valve, ;and that which will l>est 
explain its action, is that known as the ordinary “throe-port “ 
slide. At one side of the^cylinder is a true surface, called 
tho “valve fucing,” in whi<di there are three parallel sper- 
tures, B, E, and A (I’ig. 29) • of these. B and A commumcato 



Fig. 29. 
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respectively with the upper and lower ports of the cylinder, aa 
will be seen in Fig. 30, where the same letters are employed. 
The centre opening, e, is the largest one, and is known as the 
** exhaust it communicates either with the condenser or the 
atmosphere, according as the engine is a condensing one or not. 
The y^ve, v (Fig. 30), slides over this facing, and thus allows 
B and A alternately to communicate with E ; the 
other port in either case being open for the 
passage of steam from the boiler. Firmly se- 
cured to the valve-facing is a kind of steam- 
chest, c D, into which the steam-pipe, s, opens. 

This chest is called the yalve-casing, the valve 
being entirely within it. In the top and bottom 
of it are stuffing-boxes, through which the valve- 
rod G passes steam-tight. This rod is firmly 
secured to the valve, and imparts motion to it. 

It is connected to some part of the engine, 
usually the eccentric, and is thus moved up and 
down BO as to allow the steam to enter at the 
right part of the stroke, for, aa will easily be seen, 
this is of the utmost importance. In Fig. 30 the 
piston is just commencing to descend, and the 
valve-rod is very nearly at the bottom of its 
stroke, so that when the piston has passed a little 
way down, both the ports b and a will be fully 
open. The steam will then pass from s by the open 
port B, and press on the upper surface of the 
piston, while the steam which filled the lower part 
of the cylinder during the up-atroko escapes by a 
into the exhaust, and thus allows the piston to 
descend. By the time the piston has reached the lower end, 
the valve-rod has been raised about twice the width of the 
rubbing surfaces, F f, so that now A is open to the valve-casing 
for the steam to enter, while the upper end of the cylinder is in 
communication with the exhaust by means of b and the valve. 

In Cornish engines the valve-rod is very frequently moved by 
tappets placed on it, which are 
caught by studs on one of the 
engine-rods, and thus the valves 
are opened and closed almost 
instantaneously. When, as is 
more commonly the case, mo- 
tion is imparted by the eccen- 
tric, the movement is much 
more gradual. By altering the 
length of the faces of the valve, 
the steam can bo out off at 
any required portion of tho 
stroke, and thus allowed to act 
expansively, os it is termed. 

W e may, for example, so arrange 
it ibat when tho piston is at 
tlio middle of its stroke, tho 
further entrance of steam is 
stopped, while the other end 
of the cylinder still remains 
open to the exhaust. 

Tho steam contained in tho 
npper end of the cylinder will 
then poKseas auffloient oxpau- 
oivo force to drive tho piston 
completely down, though of 
course with less power than 
would bo tho t^aso were the 
steam entering all tho lime. 

At the conclusion of tho 
stroke tho steam in tho cy- 
linder will possess only half 
tlie tension it did at the m()mont at which the supiily 
arrested ; tho second half of tho descent, however, has boon 
effected without any further expenditure of steam, and there- 
fore all the power produced by it is so much additional 
advantage. There is evidently, then, a considcrablo gain by 
w v.ridng the engine expnnsivoly, and in many cases the steam is 
<*ut off at a quarter, a sixth, or even an eiglith of tho stroke, 
the steam in thoso oases being used at a very high pressure. 

altcmtioiiB arc very easily effected by slightly modi- 
^ tho ^ 



Sometimes a oompound sHde-valve is used which is capable 
of adjustment, so that tiie steam can be out off at any part 
of the stroke we desire, and in other cases the governor-balls 
are made to act on this expansion gear, and in this way regu- 
late the speed of the engine by altering the period of 
stroke at which the steam is cut off, instead of by moving 
the throttle-valve. To explain thoroughly the 
construction of these valves would, however, re- 
quire far more space than we can spare, and 
is scarcely essential to a full understanding of 
tho engine. 

The valve is usually so arranged as to give 
what is termed a that is, the steam- 

port is opened a little before the terminatioB 
of the previous stroke — ^thus, if the piston is 
ascending, the upper steam-port b is opened a 
little way before the up-stiuke is quite com- 
pleted. The steam entering this serves partly 
as a buffer or spring, and stops tho piston more 
gently; it also allows the lower end to communi- 
cate more rapidly with the exhaust than is other- 
wise tho case ; and if this communication be at 
all impeded, the steam below tho piston offers a 
hindrance to its motion, and thus impedes the 
engine. 

The extension of the face of the valve by 
which the steam is out off is technically known 
as the ** lap,’* and it is by this that tho steam is 
out off at any part of the stroke. In the 
valve we havo drawn the steam would enter, 
‘ until very near the completion of the stroke. 

Another form of valve frequently employed is called the 
“ long J> valve,” and is shown in Fig. 81. Tho ports hero are 
placed at the top and bottom of the cylinder, and the valve, 
which in its cross section is nearly the sl^pe of the letter B, is 
long enough to cover them both. The valve is packed at both 

ends, so as to fit steam-tight 
in its chamber, and has a 
passage, f, passing throngh 
it from end to end. Steam 
is admitted through tho pipes 
to the space between tho 
packed ends, and the pipe 
seen below b is tho ex- 
haust. 

When in the position here 
shown, the steam enters the 
upper end of the cylinder, and 
forces the piston down, while 
the lower end is open directly 
to the exhaust through the 
port V. When the stroke is 
nearly completed, the valve is 
depressed, and the steam now 
enters the lower port, while 
that from the upper end es- 
capes through tho passage P 
in the middle of tho valve. 

In large engines, so great is 
the pressure of the steam on 
tho slide-valve, that there is at 
times much difficulty in start- 
ing it. To obviate this, a 
small engine is sometimes em- 
l)loyed; more commonly, how- 
ever, a “balanced valve” is^ 
used. In this the steam is 
allowed to press on each 

of tho valve, n.nd thus tho pressure and consequent friction are 
very greatly diminished. 

Having now clearly understood tho manner in which an 
altomato motion is imparted to tho piston by tho pressure of tho 
steam, we may pass on to see how this motion is converted into 
ono of rotation, or into any other kind of movement we may 
require. We must, however, remember that tho essential part 
of the engine is that which we have already considered. In 
tho cylinder and slide-valve there is a great rosomblanco in al) 
engines, but in the remaining parts there is tho utmost variety 
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THE ELECTRIC TELEGRAPH.— VIL 

ANOTHXB rOBK OF GOMHUTATOB — THE DOUBLB*inBSDLS 
INSTBUMBNT — ITS CODS — OBDIKABT JXABUM — 8BLF- 
ACTINQ ALABUK. 

Thb singlo-needle instnunent, desoribed and figured in our last 
paper, is the form of the eleotrio telegraph most generally em- 
ployed, and may be seen at most telegraph sta^ons. It is, 
however, rather complicated in its oonstruotion, and it would 
be a somewhat diffioult task for an amateur to oonstmot one 
on that model. There is, however, a much simpler form of 
instrument, which is now used in many places ; one of these 
the intellig^t student may easily make for hunself , and in so 
doing he will acquire a much clearer insight into the principle 
and operation of the telegraph generally. He may even carry 
a wire to a friend's house, and thus be able to communicate 
with him. 

In this instrument the transmitting portion of the apparatus, 
or commutator, is quite separate and distinct from the coil or re- 
ceiving portion. The coil, 
with its needle, is some- 
times mounted in a case 
similar to that of the 
instrument already de- 
scribed : but a simpler 
plan is to place the needle 
in the centre of a disc, 
and support this on a 
pillar and stand, after tlio 
manner shown in Fig. 29. 

The coil is then placed at 
the back of this disc, and 
covered, so as to protect 
it from the dust. The 
ends of the wire pass down 
the pillar, and are con- 
nected to the two binding- 
screws seen on the base 
of the instrument, which 
is placed in the circuit of 
the line-wire. 

The commutator is 
shown in Figs. 30 and 31. 

A piece of mahogany or 
oak, about nine inches by 
six inches, is taken, and 
two strips of stout brass 
spring, E A and li B, are 
firmly fixed to it at s and 
L, binding-screws being 
fixed to each at these 
points. These strips are 
bent upwards, so that 
their free ends press 
against two studs, a and 
bf in the under side of a 

brass bridge, d z, placed over them. The form of this will be 
olearly seen by the sectional view (Fig. 31). 

On the extreme ends of these springs are placed finger-plates, 
A, B, of ivory or ebony, and by pressing on l^ese the signals are 
sent. Under A and B are two stout pegs or pins of brass wire, 
which pass through the board, and are i^ere connected together, 
and also to the binding-screw, c. The springs when at rest do 
not touch these pins, but remain pressing upwards against 
a and h. 

To join up th«> circuit, we connect the positive and negative 
battpry wires with o and z respectively ; s is then connected 
with die earth-plate, and l with one of the screws at the base 
of the coil — ^the other screw there beiiqf connected with the line- 
wire. Now let US, first of all, trace the course of a current 
which is received from the distant station. It comes along the 
line-wire, posses round the coil, deflecting the needle on its way, 
and thence to the binding-screw, L. It then travels along t^ 
strip L B to 6, across the bridge to a, and along the ol^er strip 
to B and the earth-plate, the circuit being thus completed 
through the earth-plate of the distant station. 

Wl^ a message is transmitted., the onrrent takes a different 
course. Suppose we desire to send an inclination to the left, 

* 26 — N.I. 


we presi down the left-hand epring, A, till it eomee into oontaot 
with the pin, c. The oonrse of the eleotrio onrrent will then bo 
as follows -From o it passes through c and along the strip 
A E to the earth-plate, returning through the coil to L, and by 
h to tiie binding-screw z, which is placed on the bridge, and is 
connected with the zinc pole of the battery. In this way all 
the needles in the circuit are deflected to the left. When we 
desire to deflect them to the right we have only to press down 
B, and then, as may easily be seen, the current will pass in 
the reverse Erection, vie., from L to e, instead of from B to L, 
and all the needles will accordingly move to the right. 

It will thus be seen that in this instrument all we have to do 
is to depress the right or the left spring, aooording as we wish 
to deflect the needle to the right or to the left. This can be 
done rather more rapidly than the handle in the other instru- 
ment can be moved, and this commutator, therefore, has an 
advantage over that in point of speed. It is, however, less 
certain in its action, as the points of the pins are apt to become 
somewhat corroded or oovored with dnst, and the current will, 

of course, be interrupted 


Fig. 83. 



by this. Both hands are 
commonly employed in 
working it, but core must 
bo taken not to keep either 
spring out of oontaot with 
the stud above it while 
the other spring is being 
pressed down, as this will 
break the circuit. 

Sometimes, instead of 
the finger - plates, two 
studs or buttons are used, 
but the action is the same 
in either case. 

There are two main 
drawbaoks to the use of 
the single-needle instru- 
ment : one is, that there is 
no record left of tho signs, 
and if the eye be not very 
quick, or if the attention 
^ called off, one or more 
of them may very easily 
be missed. This is, how- 
ever, to a considerable 
extent obviated by prac- 
tioe. Another drawback 
to its use is that it is 
somewhat slow. To meet 
this difiloulty the double- 
needle instimment (Fig. 
32) was introduced, and 
is nearly the most rapid 
instrument in use. It is 
frequently employed on 
lines where there is much 
communication, and whore speed is an important object ; the 
great hindrance, however, to its general employment is the fact 
of its requiring two line-wires and two seta of batteries. It is, 
in fact, merely two single-needle instruments arranged side by 
side in the same case ; each of these has a commutator and coil 
made on the plan already described. 

The advantage of this instrument is that fewer signs are 
required than with a single needle. 

In tho latter case, only two signs can be sent with a sliigle 
movement ; in this, six can be so sent, since we can use either 
dial by itself or both simultoneouriy, and in either case oan 
give an inclination either to the right or the left* No letter, 
therefore, requires more than three signs, and most oan bo sent 
with two. The code employed with this instrument is very 
simple, and is indicated by the letters on the dial-plates. 
Omitting Q, Z, and J, we have twenty*four letters left, reckon- 
ing -f as one. The first eight of these are sent with the left- 
hand dial alone, the next eight with the right-hand one, and 
the remainder with both, used simultaneously. J is dispensed 
with altogether, as I takes its place ; Q is represented by the 
needles pointing in reverse directions, the upper ends being 
together, thus a ; and Z is denoted by tho lower ends of the 
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needlee inolming towards each other, thus \/. For the rest of 
the alphabet we nrnst refer to the dials. Taking the left-hand 
one tot, zero or -f- is plaoed onoo to the left of the needle, 
(diowing that this is denoted by a single boat in that direction ; 
similarly, A is denoted by two and B by three beats in the same 
direction. This is shown by the number of times they occur on 
the disc. E, If , and G ore denoted respectively by one, two, or 
throe inclinations to the right. C w put in different tyi>e, and 
has an arrow pointing to it, to indicate that it requires alter- 
nate movements of the needle, first to the left, on which side 
it is placed, and then to the right. D likewise requires 
alternate beats, one to the right being followed by one to the 
left. The lett^ from H to P are represented by precisely 
similar movements of the right-hand needle. 

The other letters, which require both needles, are marked on 
the lower parts of the dials. K, S, and T require one, two, and 
three beats respectively to the left ; IT is denoted by alternate 
beats, first to the left and then to the right ; W, X, Y, and V 
require similar movements in reverse directions. 

We may render this more clear by putting all the signs in a 
tabular form, thus : — 


\ W \\\ V 

4 A 15 C 

H I K 1. 

B S T U 


X / // /// 

D E P G Left dial. 

M N O P Bight dial. 

V W X T Both dials. 


Both Imnds arc employed in working this instrument, and it 
requires more care and attention to read it; when this is 
attained, messages may bo sent with a speed of from forty to 
sixty words a minute. But, as wo have already stated, two 
lino-wires and batteries are required, and these entail so much 
extra cost, both in construction and maintenance, that the 
instrument is not nearly as much used as it otherwise would be. 

Wo have now explained the oonstruotion of two parts of our 
telegraph instrument, viz,, the receiving and the transmitting 
arrangements. There is, however, another very important part 
to which wo must refer : some means of calling the attention 
of the receiving olerk to the foot that a message is coming is 
required. Ho cannot bo expected to keep bis eye constantly on 
the dial-plato of the instrument, and though the click of the 
needle against its studs is often distinctly audible, yet this may 
not bo noticed: an alarum is therefore an essential thing, and 
many different kinds have been tried. 

A bell is no^ly always emidoyod for this purpose. Somo- 
timos it is rung by the electric current itself ; m other cases it 
is driven by clockwork, and aU that the current does is to 
liberate a detent, and allow the clockwork to act. This is the 
8imx>lest and, in. many cases, the best form. A spring sots in 
motion a train of wheels, and thus strikes the boll. A small 
catch, however, engages a tooth or a stud in one of the wheels. 
Tiiis catch is affixed to a lover, which is so arranged that when 
the current passes round an elootro-magnot suitably placed, the 
lever is moved and the mechanism set free. The alarum» there- 
fore, continues to ring as long as the current passes and the spring 
is kept wound up. This kind of alarum is simple, and not 
likely to got out of order. Sometimes a tell-talo is affixed to it, 
so that, os soon as it ririgs, a disc is moved and indicates the 
foot of the boll having been rung. One groat advantage of this 
is, that if the clerk has been away for a short time, ho will on 
his rotnm at once know whether his boll has rung during his 
absence. 

Often, however, the clockwork is altogether dispensed with, 
the bell being rung by tlio electric current alone. The hammer, 
in this case, is mounted upon a piece of spring or wire, attached 
to the middle of which is a piece of iron, which servos as the 
keeper to an oleotro-magnet plaoed near it. This is so arranged 
that whe7i the keeper is close to the magnet the hammer almost 
touches the bell ; the jerk, when it is attracted, is then sufficient 
to strike the bell loudly without damping the sound by allow- 
ing the hammer to remain in contact with it. By this plan 
oxdy one stroke of the bell is given for each current sent. 

A much better plan, and one move generally adopted, is to 
arrange tho bell so that it continues to ring as long as the 
current is passing. The manner in which this is aocompliahed 
will easily be learnt by reference to Pig. 83, which shows the 
interior of one of these self-acting alarms. The boll, T, is 
plaoed on the outside of the case, tho hammer, K, being sup- 
ported on a piece of spring, so that it osmUates very freely. 


An oleotro-magnet, e, is plaoed mside tho cose, and its keeper, 
c, is attached to the rod of the hammer. Behind c is a spring, 
g, in oontaot with H, but so arranged that when the keeper is 
drawn against the poles of the magnet the oontaot shall cease. 
Not unfrequently a screw tipped with platinum is substituted 
for this spring. 

Tho ends of the wire whioh posses round the eleotro-magnet 
are connected with tho screws marked p 2>; and, as will bo 
seen, the current, after passing round tho ooils of tho magnet, 
has to pass along m and through gr, so os to oompleto tho 
circuit. When tho instrument is at rest, c and g are in contact, 
and, accordingly, as soon as a current is transmitted, it makes 
e into a magnet, and draws the keeper home to it, thereby 
striking the boll. In doing so, however, contact is broken 
between c and g, and tho circuit being interrupted, the keeper 
is drawn book to its place by the spring on whioh it is sup- 
ported. This renews tho contact, and" again converts e into a 
magnet, so that tho keeper is again attracted, and another stroke 
is given to the bell. This process continues as long as tho 
current passes, so that tho distant operator, by merely keeping 
his key pressed down or his handle defiocted, produces a con- 
tiTiuous ringing, and thus soon draws tho attention of tho 
station to which he wants to speak. 

When several stations are in the circuit, tho boll at each 
rings ; tho clerk then mentions tho one to whom ho wants to 
speak, and as soon as that one acknowledges, he sends the 
iiiessago. Tho other olerks can, if necessary, short circuit their 
own instruments, so as to cause less obstruction to the passage 
of tho current. 

ELECTRICAL ENGINEERING.— XV. 

BY BDWABD A. O^KBEFFJS, B.E., A.8.T.E., 

Demonstrator in Electrical Engineering, City and Guilds of London 
Technical College, Finslmry. 

MEASUBING INSTRUMENTS (contintwd). 

The Siemens electro -dynamometer possesses as essential 
features some of tho best, and, at tho same time, some of the 
worst qualitios which can belong to any commercial moasuring 
instrument. It posscsBeB the advantage that a single obser- 
vation is Buffioiont to cfdibrate it, though a number of them 
should always be made, and the mean value taken as the con- 
stanl of the instrument It possesses no permanent magnets ; 
it can be used for measuring continuous currents to a consider- 
able degree of accuracy, and in tho case of alternating currents 
it can bo relied on to give accurate results when there is little 
self-induction in the circuit, as in tho case of an ordinary 
electric light installation; but when tho self-induction is 
considerable in the circuit, as in the case of an electric light 
installation in whioh transformers are used, the readings on 
the Siemens electro-dynamometer may give results far below 
the true strength of the currents used. Indeed, no ampere 
meter at present in the market will measure accurately the 
strength of an alternating current in a circuit containing much 
self-induction. 

Against these advantages the following defects must bo 
plaoed r — It is not portable, owing to the movable coil being 
suspended by a thin thread (this suspension can, however, bo 
lowered when the instrument is being moved), and the electric 
connection with this coil being mode with mercury cups ; it is 
not dead-beat, it is not direot*reading, and when the pointer has 
been brought to zero, the square root of the deflection xhust be 
extracted, and the result multiplied by the constant of the in- 
strument in order to obtain tho current’s strength ; moreover, 
this adjustment of the pointer takes some time, which may be 
extremely awkward in the case of on unsteady current ; it 
cannot be used near dynamos as its indications are seriously 
influenced by the presence of strong magnets in its vicinity. 

Notwithstanding all these disadvantages it is an exceedingly 
useful instrument when properly used. Its proi>er place is the 
laboratory where it can be permanently set up, calibrated, and 
used as a standard instrument, rather than in the dynamo 
room where it is liable to be influenced by the presence of the 
powerful electro-magnets, or damaged by rough usage. As its 
controlling force is a spiral spring its constant remains un- 
changed for years, unlike those amp6re-meters in whioh the 
oontrolling force is a permanent magnet. 
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ATBTON AJSTD PEBBY’s HOBSB-SHOB AMPiRK-MBTIE. 

In 1881 ProfeflBors Ayrton and Perry brought out their Wse- 
Bhoe type of ampere-meter, which eupplied a want then mnoh 
felt for B portable and direot-reading inetmment. The interior 
of this instrument is shown in Fig, 32. 



Pig. 32. — AYRTON AND PBBBY’B HORSE-SHOE AMP&RE-MRTER. 

The controlling force is supplied by a very powerful horse- 
shoe magnet, M M, having two curved soft-iron pole-pieces, p p, 
between which is delicately pivoted a small thick magnetic 
needle not shown in the figure, but which has attached to 
it at right angles to its axis a light aluminium pointer, which 
servos the double purpose of magnifying the small motion of 
the magnet, and indicating the strength of current which pro- 
duces that motion. The wire which carries the current is 
wound on the brass bobbin, a A, which is divided into two 
parts between which the noodle is situated. Two soft iron 
cores, p P, are screwed into the bobbin, one at each end, and 
those cores- are capable of being screwed more or less into the 
bobbin as may be required. The object of this arrangement of 
cores and pole-pieces is to have the motion of the magnet duo 
to the passage of the current in the coil directly proportional 
to the strength of that current, or, in other words, to have the 
instrument direct -resMling. Neglecting for the present the 
effect of the cores, p P, on the needle : when no current is 
passing, the needle is kept in position under the inflnenoo of 
the two powerful pole-pieces, P P ; when a current passes, the 
needle is deflected through a certain angle; if the current’s 
strength is doubled it will be found that the needle will not 
move through double the previous angle, and as the current is 
still further increased the deflection of tlie magnet will not in- 
crease in proportion. This want of proportionality of the 
deflection with the increase of current is rectified by means of 
the two soft iron cores, f F. As the magnet deflects it comes 
under the action of these cores which tend further to increase 
the deflection. If they are screwed too far into the bobbin 
they assist the coil too muoh, and the deflection of the magnet 
will be too great compared with the current which produces it; 
on the other hand, if they are not screwed in enough the de- 
flection will be too small as compared with the current which 
produces it. Between these two positions there is a oertain in- 
termediate range in which the cores may be moved which gives 
deflections of the magnet praotioally proportional to the 
currents which produce them, and within that range the cores 
can be moved in or out so as to alter the sensibility of the 
instrument without altering the pro^rtionality between the 
current and the deflection which it produces. The light 
aluminium pointer attached to the magnet moves over a 


graduated scale on wiiioh the divisions are at equal distances 
apart, and each division corresponds to one amj^ro, the final 
adjustment of the instrument being made by screwing in or 
out the cores, f f, according as the indication for a given 
current is too low or too liigh. The scale is usually graduated 
up to fifty degrees at oaoh side of zero, and the instrument 
will then by a special arrangement of the coils and commutator 
measure any current between '1 and 50 amperes. 

The arrangement of the coils is peculiar and forms an 
essential feature joi this amp6re-moter. Instead of being 
wound with one wire, as the case in most instruments, 
it is wound with ten wires of exactly the same resiatanoo 
having the appearance shown in Fig. 38. 



Fig. 33.— AYRTON AND FERRY’S AMP^RR-METEB. 

The ondH of theso coils arc brought up to a commutator by 
means of which they can bo phu^od all in Hcries, or all in 
parallel, thus giving two degrees of sensibility for which the 
instrument may bo used. When they are all in series, currents 
from *1 to 5 amp^rGH can bo measured, when they are all in 
parallel currents from 1 to 50 can bo measured, thus making 
the instrument suitable for measuring the current flowing 
through an are or an incandescent lamp. 

Though this typo of commutator is peculiar to this instru- 
ment, it might with equal advantago bo used in any of the 
measuring instruments which contain permanent magnets and 
a coil. Bcaidos extending tlio range of the amp6re-meter, it also 
allows it to bo calibrated either by a strong or weak current. 

PRINCIPLES OF DESIGN.—XL 

ART FUENITUBE (continued). 

Br Christopher Dresser, Ph.D,, F.L.S. 

I FEAR that I have very feebly enforced and very inefficiently 
illustrated the true principles on which works of furniture 
should be constructed ; and yet 1 feel that the strnoturo of 
such works is of imporbanco beyond all other considerations. 
Space is limited, however, and 1 must pass on ; hence I must 
hope that I have induced the reader to think for himself, and 
if I have done so I shall have fulfilled my desire, for hk pro- 
gress will then be sure. 

Bespecting structure, 1 have but a few general remarks 
further to make, and all these are fairly embraced in the one 
expression, “bo truthful.” An obvious and true struoturo 
is always pleasant. Lot, then, the “tenon” and the “mortise” 
pass through the various members, and let the parts be 
“ pinned ” together by obvious wooden pins. Thus, if the 
frame of a chair-seat is tenoned into the legs, let the tenon 
pass through the leg and be visible on the outer side, and let 
it be held in its place by glue and wooden pins — the pins being 
visible. In this way that old furniture was made which has 
endured while piece after piece of modern furniture, made 
with invisible joints and concealed nails and screws, has 
perished. This is a true structural treatment, and is honest 
in expression also. 

I do not give this as a principle applicable to one class of 
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fnmitnre only, but to all. When we have ** pinned ** furniture 
with an open atmoture (eee the back of Gillow’s chair. Pig. 27), 
^ UK^e of putting together must be manifest; but in aJl 
other oases the tenons should also go through, and the pins by 
which they are hdd in their place be driven from one surface 
to the other side right through the member. 

In my first lesson on fm^ture (eee page 311) I said that 
after the most convenient form has been chosen for an ohjeot, 
and atter it has been arranged that the material of which it is 
to bo ^rmed shall be worked in the most natural or befitting 
way, then the block-form must be looked to, after which comes 
the division of the mass into primary parts, and lastly, the 
consideration of detail. 

As to the block-form, lot it be simple, and have the appear- 
ance of appropriateness and con- 
sistency. Its character must be 
regulated, to an extent, by the 
nature of the house for which 
the furniture is intended, and 
by the character of the room in 
which it is to be placed. All I 
can say to the student on this 
part of the subject is this : Care- 
fully consider good works of 
furniture whenever opportunity 
occurs, and note their general 
conformation. A fine work will 
never have strong architectural 
qualities — that is, it will not 
look like part of a btulding 
formed of wood instead of stone. 

There is but small danger of 
committing any great error in 
the block-form, if it be kept 
simple, and look like a work in 
woc^, provided that the propor- 
tions of height to width and of 
width and height to thickness 
are duly cared for. 

Aftor the general form has 
been considered, the mass may 
be broken up into primary and 
secondary parts. Thus, if we 
have to oonstriict a cabinet, the 
upper part of wliioh consists of 
a cupboard, and tho lower por- 
tion of drawers, we should have to 
determine the proportion which 
the one part should boor to the 
other. This is an invariable 
rule — that the work must not 
consist of equal parts; thus, if 
the whole cabinet be six feet in 
height, the cupboards could not 
be three feet while tho drawers 
occupied three feet also. The 
division would have to be of a 
subtle oharaoter — of a oharaoter 
which could not be readily de- 
tected. Thus the cupboard might be 8 feet 5 inches, and 
the drawers ooUeotively 2 feet 7 inches. If the drawers are 
not to be all of tho same depth, then tho relation of one 
drawer, as regards its sire, to that of another must be oon- 
Bidered, and of each to the oupbosj^l above. In like manner 
the proportion of the panels of the doors to the styles must be 
thought out; and until all this has been done no work should 
ever bo constructed. 

Next comes the enrichment of parts. Carving should be very 
sparingly used, and is best confined to mouldings, or projecting 
or terminal ends. If employed in mouldings, those members 
should be enriched which are more or less completely guarded 
from dust and injury by some overhanging member. If more 
carving is used, it should certainly be a mere enrichment of 
necessary structure— os wo see on the legs and other uprights 
of Mr. Oraoe*8 beautiful sideboard, by Pugin (Pig. 34). I am 
not fond of carved panoL^ but should these be employed the 
carving should sever project beyond tho styles enrounding 
them, and in aH ^asea of carving no i.«ointcd members must 


protrude so as to injure the person or destroy the dress of those 
who use the piece of furniture. If carving is used sparingly, it 
gives us the impression that it is valuable ; if it is lavishly em- 
ployed, it appears to be comparatively worthless. The aim of 
art is the production of repose. A large work of furniture 
which is carved all over cannot produce the necessary sense of 
repose, and is therefore objectionable. 

There may be an excess of finish in works of carving con- 
nected with cabinet work ; for if the finish is too delicate there 
is a lack of effect in the work. A work of furniture is not a 
miniature work, which is to be investigated in every detail. 
It is an object of utility, which is to appear beautiful in a room, 
and is not to oommond undivided attention ; it is a work which 
is to combine with other works in rendering an apartment 
beautiful. The South Kensing- 
ton Museum purchased in tho 
1867 Paris International Exhibi- 
tion, at great cost, a cabinet from 
Fourdonois ; bat it is a very un- 
satisfactory work, as it is too 
delicate, too tender, and too fine 
for a work of utility and furiii- 
turo — ^it is an example of what 
should be avoided rather than 
of what should be followed. The 
delicately-carved and beautiful 
panels of the doors, if cut in 
marble and employed as mere 
works of sculpture, would have 
been worthy of the highest com- 
mendation; but works of this 
kind wrought in a material that 
has a “grain,” however little 
the grain may show, are absurd. 
Besides, the subjects ore of too 
pictorial a oharaoter for “applied 
works * ’ — ^that is, they are treated 
in too pictorial or naturalistic a 
manner. A broad, simple, ideal- 
ised treatment of the figure is 
that which is alone legitimate in 
cabinet work. 

Supports or columns carved 
into the form of human figures 
ore always objecwonable. 

Besides carving, as a means of 
enrichment, we have inlaying, 
painting, and the applying of 
plaques of stone or earthenware, 
and of brass or ormolu enrich- 
ments, and we have tho inserting 
of brass into the material when 
buhl-work is formed. 

Inlaying is a very natural and 
beautiful means of enriohing 
works of furniture, for it leaves 
the flatness of the surface un- 
disturbed. ' A great deal may 
be done in this way by the em- 
ployment of very simple means. A mere row of circular 
dots of black wood inlaid in oak will often give a very good 
effect ; and the dots can be “ worked ” with the utmost ease. 
Three dots form a trefoil, tena dots a quatrefoil, six dots a 
hexafoil, and so on, and very desirable effects can often be pro- 
duced by such simple inlays. 

Panels of cabinets may be painted, and enriched with orna- 
ment or flatly-treated figure subjects. This is a beautiful 
mode of enrichment very much neglected. The conch (Fig. 80) 
I intended for enrichment of this kind. If this form of enrich- 
ment is employed, care should be exercised in order that the 
painted work be in all cases so situated that it oannot be 
rubbed. It should fill sunk panels and hollows, and never 
appear on advancing members. 

I am not fond of the application of plaques of stone or of 
earthenware to works of furniture. Anything that is brittle is 
not suitable as an enrichment of wood-work, unless it can be so 
placed as to be out of danger. 

Ormolu ornaments, when applied to cabinets and other works 
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In oonjonotion with this we engtaTO a eideboa^ 

ezeonted by Mr. Oraoe, from the design of Mr. A. Welby Pugin, 
to which I have before aUnded (Pig. 34), and a painted cabinet 
by the late "Mi, Burgees (Big. 85), whose abilities as a Gk)thio 
arohiteot were of the highest order. Both of these works are 
worthy of study of a very careful kind. 

In the sideboard, notice first the general structure or con- 
struction of the work, then the manner in which it is broken 
up into parts, and liwtly, that it is the structural niembers 
which are carved. If t^ work has faults, they are these: 
first, the carving is slightly in ezoess— thus, the panels would 
have been better plain ; and, second, in some parts there is a 
slight indication of a stone structure, as in the buttress cha- 
racter of the ends of the sideboard. 

To the cabinet much more serious objections may bo taken. 

1. A roof is a means whereby the weather is kept out of^ 

a dwelling, and tiles afford a means whereby small pieoes of* 
material enable us to form a perfect covering to our houses of a 
weather-proof character. It is very absurd, then, to treat the 
roof of a cabinet, which is to stand in a room, as if it were an 
entire house, or were to stand in a garden. I 

2. The windows in the roof, which in the case of a house let ' 
in light to those rooms which are placed in this part of the 
buil^g, and are formed in a particular manner so as the more 
perfectly to exclude rain, become very absurd when placed in 
the roof of a cabinet. These, together with the imitation tiled 
roof, degrade the work to a mere doirs-houso in appearance. 

8. A panelled structure, which is the strongest and best 
structure, is ignored ; hence strong metal bindings are necessary. 

The painting of the work is highly interesting, and had it 
been more flatly treated, would then have boon truthful, and 
would yet have lent the same interest to the cabinet that it 
does now, even if we consider the matter from a purely pictorial 
point of view. 


VEGETABLE COMMERCIAL PRODUCTS. 

XIV. 

DYB PL4BTS (continued), 

Indioo (Indigofera iinetoria^ L. ; natural order, Leguminosm), 
•—A shrub from two to three foot high, with pinnato leaves, and 
racemes of groenish-colourod flowers, marked with vermilion 
rod. Indigo is also extracted from two other species, viz., 
tndigofera anil and I. coerulea. 

This plant is a native of India, whence our chief supplies are 
received. It is principally grown in Bengal, from 20" to 30® 
N. latitude. Indigo is also cultivated in Java, the Philippino 
Islands, Bgypt, the West Indies, and British Honduras. 

The best time for cutting the plant is when it begins to 
flower, because then it is always richest in its poculiar secre- 
tions. The plants, when cut, are first laid in a vat, called the 
steeper, about twelve or fourteen feet long and four feet deep, 
and filled with water. In twelve or sixteen hours the water 
begins to ferment, swell, and grow warm ; the highest point of 
its ascent is marked, for when it ceases to swell fermentation 
begins to abate. The manager now opens a tap to let off the 
water into a second vat, called the beater, and the gross sedi- 
ment at tlie bottom of the first one is carried off and used as 
manure for the next crop of plants, for which purpose it is ex- 
cellent. The indigo fluid received into the second vat is kept 
actively stirred and beaten with bamboos until it begins to 
granulate. When granulated sufficiently, the liquor assumes a 
deep purple colour, the whole being troubled and muddy. It is 
now allowed to settle, and as the upper part of the water clears, 
it is removed into other vessels, until nothing remains but a 
thick sediment at the bottom of the vat. This is put into 
gunny bags, which are hung up to dry. To finish the drying, 
the indigo is turned out of the bags, exposed to the sun, worked 
upon boards with a spatula, and put into boxes, and again ex- 
posed to the sun until fully dried, when it is ready for market. 

The indigo plant grows best in the East Indies. It was first 
brought to Europe by the Butch in the middle of the seven- 
1 teenth century. It is now imported, every year in increasing 
quantities, from the East Indies, and also both North and 
South America, to which it has been transplanted. Indigo is 
used in the dyeing-houses of our woollen, Hnen, cotton, and silk 
manufacturers, and has almost completely displaced the native 
wood (l$aiis Unctofiot L.) formerly used. The fbest sort 


comes fn>m Bengal vid Calcutta. British India has almost a 
monopoly of idle indigo trade, in which all the-Prasidencies have 
a shi^ The Prench import a very good quality from the 
Isle of Bourbon, and the Dutch from the Suuda Tdirnds, in the 
East Indies. The best American indigo is raised in GKiatemala, 
in Central America, and an inferior kind at Caracas, in Brazil, 
St. Domingo, Carolina, and Louisiana. There are extensive 
indigo plantations on the fertile delta of the Nile, under the 
management of Hindoos. Indigo has also been received re- 
cently in small quantities from Madeira, the river Senegal, and 
Sierra Leone. 

Qood indigo is known by the parity of its colour and its 
lightness, wMch is indicative of the absence of any earthy im- 
purity. A blue carmine, made out of this substance, is a very 
high-priced colour, used by painters. i The quantity of indigo 
imported in 1886 into the United Kingdom vras 85,808 owt. 

Tushxbic (Curewma longa, L. ; natural order, S^giberacem), 
— This is a stemless plant, with palmated tuberous roots of a 
deep orange colour internally, long-stalked, lanceolate, smooth 
leaves, and flowers in a oentnil oblong green spike. 

Turmeric is a native of the warm parts of Asia, and is found 
in India, China, Cochin-China, Java, and Malacca, where it is 
extensively cultivated for the sake of the beautiful yellow dye 
afforded by its root, and also as a condiment, as it forms a 
principal ingredient in Indian curry-powder. Turmeric gives 
a beautiful but fugitive gold colour to silks. Paper stained 
with turmeric is much used by chemists as a test for alkalies, 
which colour turmeric paper reddish or brownish. Turmeric is 
also used in making Dutch pink and gold-coloured varnish. 
There are several varieties of this dye in the market, the 
principal of which are the Long Turmeric (Ou/rewma longa^ L.), 
and the Bound, better known as Chinese turmeric. It need 
hardly be added that the chief imports of turmeric into the 
Unit^ Kingdom come from China and India. 

Quebcitbok (Quercua tinctorial Micht. ; natural order, 
Oupuliferce). — This oak grows from sixty to ninety feet high. 
Its leaves are six to eight inches long, obovate, deeply sinuate- 
lobed, pubescent beneath ; the acorn small ovoid, seated in a 
sub-sessile cup, which tapers at the base. 

This tree is indigenous to the United States, growing abun- 
dantly in Pennsylvania, North and South Carolina, and Georgia. 

I The inner bark is an article of commerce under the name of 
quercitron, and famishes a yellow dye, which has now nearly 
superseded the use of our indigenous weld (Reseda luteola, L.) 
in calico printing. Quercitron, when crushed, resembles a mass 
of short yellowish-white fibres, mixed with powdery particles, 
and in this state is sent over in casks. From 3,000 to 4,000 
tons are annually deceived in England from New York, Phila- 
delphia, and Baltimore. 

Yellow Bebbieb (Rhamnua infectoriua, L. ; natural order, 
Bhamnacece) .^This plant is a speoies of buckthorn, and is a 
native of Persia, Turkey, and the south of Europe. It is a 
procumbent shrub, growing naturally in rough, rocky places. 
The unripe berries furnish a yellow dye, which is largely em- 
ployed in calico printing, for dyeing morocco leather and paper, 
as well as for the preparation of sap green and Dutch pink. 
The largest and best yeUow berries are the Persian, which come 
to this country vid Aleppo and Smyrna ; a considerable quantity 
is also received from France and Turkey. The importation 
amounts annually to between 500 and COO tons. 

Fustio (Maclura tinctoria, Nutt ; natural order, Urtieacem), 
— A large and handsome evergreen tree, growing in the West 
Indies and tropical America. There are large forests of this 
tree in the Antilles, especially in Jamaica, Cuba, Porto Bico, 
and Tobago. Fustio is brought to market in long pieoes or 
logs. The beautiful yellow and red veined is considered to be 
the best. Fustic dyes yellow, dive, brown, maroon, bronze, 
and Saxon green. 

WoAD (Isatia tinctoria f natural order, Oac^ercs).-— Wood is 
much cultivated, in France, Normandy, Alsace, and also in 
Germany, where it was in use a thousand years ago. It is in- 
digenous to England and Germany. The blue matter of this 
plwt is contained in its leaves. Wood was used by the ancient 
Britons to stain their bodies. The extensive use of East Indian 
indigo has greatly restricted the ooltivation of wood; but ss 
the dyers very unwillingly dispense with it, on aoooupt of its 
dieapness and the dnrab&ty of its colour, it is probd>le that 
indi^vrill never entirely supersede its use- 
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Nicaragua or Psaoh Wood {CoMalpima echinata; natural thna, white, yellow, orange. If white bo also inserted between 
order, Legwminoaw ). — This dye-wood gets its name from the ihe yellow and the orange, the effect is imiK>YeriBhed. "Vi^en 
republic of Nicaragua, in Central America. It reaches this :wo deep colours are used together, and in combination with 
country in blobks abont four feet in length and eight inches in black, the black may advantageously follow the deeper colour, 
diameter. It dyes a delicate peach and cherry colour, and is but such an assortment as violet, blue, and black is a sombre one; 
much used. That which comes from Porn yields the finest ^ many eyes it wilt appear more satisfactory than one in 
shades of colour. which alternate spaces of white are introduced, in order to 

Several other speoiee of CcBsaljtinia yield dye-woods. Thus restore the balance of tone. 

OcBacUpinia crista furnishes the Brazil wood, and CcBsal^nia SEUins IIL — Assortments of Two Secondary Colowrs.-^ 
hrasiltensis the Brazillotto wood, which yields some very fine Orange and peen may be advantageously separated by black, 
rose-coloured, yellow, and orange-red dyes, according to the orange and violet by grey, and violet and green by white, 
mordants used. Abont 800 tons of the first and 400 tons of We hope the oxamplos just given will be sufficient to enable 


the latter annually arrive in England from the vast forests of 
South America, which are very rich in dyo-woods. Brazil 
wood is imported principally from Pernambuco, and is also 
known by the name of Fernambuk wood, in allueion to the place 
of importation. Besides its usofuliicss as u dye-wood, it also 
serves for objects of art ; bows of violins are especially made 
from Fernambuk wood. 

Sapan Wood or Bukkum Wood {Cmalpinia sapan) fur- 
nishes another good rod dye, which is very considerably cm* 
ployed in many countries both in India and in Europe. 

Red Samdebs Wood (Pterofiarpm santalinus^ L. ; natural 
order, Legwninosco) yields a dye of a bright garnot*red colour, 
and is chiefly employed for dyeing wood. The tree which pro- 
duces the wood is a lofty one, common about Madras and 
other parts of India. The exports of this wood from Madras 
in one year only have been nearly 2,000 tons. We import also 
nsnally between 700 and 800 tons a year from Calcutta and 
Bombay. 


COLO UR.— Vll J. 

By Peofkbsoh A. H. Churcji, M.A., Royal Academy. 
APPLICATIONS OF PfilNCIPLBS OF TRIPLE DISTRIBUTION, 
BALANCE, AND QUALITY IN ESTIMATINQ THE AGREEABLE- 
NB8B OP CERTAIN ASSORTflENTS OF COLOUR. 

We may now proceed to illustrate by a fow examples the 
application of the principles of the distribution, balance, and 
quality of colours to the triple assortments named in the 
lost lesson, which were of throe series. 

Series I . — Assortments of two jyrimarij colours with white, 
grey, or black constitute the first series. They are generally 
preferable to assortments in which one primary atid one 
secondary colour occur, unless those happen to bo complemen- 
tary, when the effect is more agreeable still, Hie more brilliant 
colour must bo used in moderation, and may bo distributed in 
narrow linos or delicate forms. The deeper colour usually 
requires a brooder treatment, and to be pro.sont in larger quan 
tity. In separating the two bright i)rimarie8, yellow and rod, 
from each other, black is preferable to white ; while in sej 
rating blue and red, white is prcfoi*ablo to black. In such 
instances wo have to pay attention to the balance of tone, and 
must not allow the bright or the deep elements of colour to 
preponderate. Grey is very often of use in colour assortments, 
whore white or black might produce too marked a contrast. 

Series II. — Assortments of one primary and one secondary 
colour with white, grey, or black. It is needles^ to say that in 
the coses belonging to Series II. the effect of a primary with its 
complementary secondary is far superior to all the other com- 
binations. Thus yellow and violet constitute a more agreeable 
assortment than yellow and orange. But yellow and violet 
cannot be much improved by the introduction of black, which 
too much resembles the violet, and differs too much from tho 
yellow ; while white is liable to objection precisely the converse 
of this. Nor does grey produce a very satisfactory effect in 
this arrangement. The more agreeable the combination of two 
colours when in contiguity the less improvement do they 
require, and tho loss do they experience from tho introduction 
of white, grey, or black. Such assortments as that of yellow 
and orange are, on the other hand, greatly improved by the 
introduction of another element to define or emphasise them. 
The arrangement yellow, black, and orange is vastly superior 
to that with yellow and orange alone. I^en white is used in 
an assortment of this nature containing two bright colours, it 
often produces a happier effect when introduced so as not to 
the colours, but to precede tbo brighter of them — 


our readers, with the aid of actual exporimeutal trials, to judge 
of the merit of any triple assortment of colour, and to arrange 
many agreeable combinations suitable for special purposes. We 
may just allude here to one of the applications flowing out of 
tho principles which we have been enunciating. It is an appli- 
cation of great service to ornamental designers, and has been 
extensively carried out into practice. It may be briefly stated 
in three rules or propositions: — 1. If in an ornamental design 
the ground be of a deep tone of colour, and the forms or figures 
upon it be of a less intense or lighter complementary colour, 
then tliese forma should bo outlined with white, or with a light 
tone of grey, or, in any event, with some colour of a tone lighter 
either than tho ground or tho pattern. 2. If in an ornamental 
design tho ground be of a light tone of colour, and tbo forms 
or figures upon it bo of a more intenso or deeper complementary 
colour, then those forms should bo outlinoil with black, or with 
a deep tone of grey, or, in any event, with some colour of a tone 
doci)er than either tho ground or pattern. 3. In pointing with 
tones of one colour, or monochrome, tho same rule must be ob- 
served, varying the depth or tone of tho outline aooording to tho 
relations as to tone of tho pattern and tho ground, as in the 
I preceding rules. 

TECHNICAL DRAWING.— XXVI. 

MECHANICAL DRAWING (continued). 

CAMS. 

Cams are variously-formed plates, or grooves, by means of which 
a circular may bo converted into a reciprocating motion. 

Tho circular motion being unifi>rm, the reciprocating motion 
may also move uniformly as a sliding-bar ; or its velocity may 
1)0 varied at pleasure. 

Tho JJoart-shapcJ' Cam. — The form of iliis cam is dolincatod 
by moans of a double Archimedes’ spiral, tho construction of 
which is given in Fig. 247. 

Ijot 12 XII bo the widest limit of tho required spiral. 

lioscriboa circle with 12 xii as a radius. 

Divide this circle into any number of equal parts as i to 
XII, and draw radii. 

Divide one of the radii into a oorrosponding number of equal 
parts, as 1 to 12. 

From the coutro, with radius A 1, describe an arc cutting tho 
radius i in B. 

From the centre continue describing arcs, with radius 2, 3, 
etc., cutting the radii ii, ill, etc., in c, d, e, etc. 

From 12 trace a curve passing through these points, which 
will bo tho spiral required. 

Fig. 248 is an example of tho heart-shaped cam. 

Lot a a' bo tho rectilinear distance to be traversed, and o tho 
centre of tho shaft, on which the cam is fixed. 

It is required to make tho point a advance to a' in a uniform 
manner, during a semi-revolution of tho shaft, and to return it 
to its original position in tho same manner daring a second semi- 
revolution. 

From tho centre o, with tho radii o a and o a\ describe circles ; 
divide the outer one into any number of equal parts; divide 
the line a a‘ into tho same number of parte. 

From o, with radius o 1, o 2, o 3, etc., describe circles cut- 
ting ,the radii correspondingly numbered, and thus tho points 
A, B, c, D, etc., will bo obtained. Tho curve drawn through 
these points will be tho spiral form for tho com required to 
raise tho i>oint a to 

But it is not ix»saiblo to employ a mathematical point in prac- 
tice, since a point is that which has position but not Magni- 
tude.'* Therefore, an anti-friction roller, which has it< oiaiii'o 
whore the point would bo, is employed, and in consequrnoo of 
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this, the sise of the cam has to be reduoed from that of the 
original ottire to allow for the aize of the roller. 

To aooomplish this, with the radios of the a&ti>frietion roller 
desoribe arcs from A B, o B, etc., and draw the oorre which is 
to, form the ootline of the cam to touch the highest point of 
these arcs. Obserre that the highest ];k>int wonld not be on the 


dams of small sise are simply flat discs of the shape reqidzed. 
When large, they axe formed with a crown or rim, b^ of equal 
thickness all round ; a boss, o (by me^ of which it is keyed 
on to the shaft d), a^ arms, b, f, g. These are strengthened 
internally by a feather or web, a a. 

The line of this web is, in ihe first place, patellel to the rim. 


mpi 




radii ; for example, it wonld not be at p, but on a line perpen- 
dicular to the curve at o — ^viz., at K, 

This form of cam is symmetkcal to the line a which passes 
through its oentro~*~in other words, the first half which pushes 
the roller, and oonsequently the rod a!, to the end ^ which the 
roller is fitte^ from a to is precisely the same as the second 
half, with which the roller keeps in contact during the descent 
of the roller from a' to a. Thus a regular alternating motion is 
given to the roller by the droular motion of the cam. 


oarves into the part strengthening the arms, beoomes wider as 
it nears the boas, and is then tutted to the adjoining web by 
an arc — as at l'— or returns into the outer portion by an are- 
as at 

It may here be remarked that the centres, from which these 
uniting arcs are struck, are shown on the one side.^ The inner 
curve of the rim and that of the web are obtained in the same 
manner as the external form of the cam was deduced from the 
original spiral. 


TECHNICAL DRAWING. m 

a vertical aeotioxi o£ the cam througli the centre of round the cylinder like a oorkecrew. This ia called the helics, 
cue gnart wa the arm p. ig ^Ijig curve which forms the thread of a ecrew. 

In maohmea for crushing or pounding, cams in the involute The elementary stops in the nonstruotion of the helix are 
form are generally used. In such cases the curve would not given in a previous lesson (page 301^, and it is intended here to 
be a double one, its office being to raise the stamp or pestle to adapt the system to the projection of screws* 





a giren height, and then letting it fall by its own weight npon Scfrews are cylindrical pieces of wood or metal, in which 
the substance to be crushed, as in a sb^ping-mill ; or to be helical grooves are ont ; the ridge left standing is called the 
beaten, as in a forge-hammer. thread. The groove and thread together are ^led the pitchf 

! which, as in the teeth of wheels, corresponds with the distance 
THU BOBJBW. j fjjom the centre or edge of one thread to that of the next. 

If a piece of paper of the form of a right-angled triangle The screw then consists of two cylinders— the inner being the 
(a b r, Fig. 250) be rolled round a cylinder, the hypothenuse, | deepest part of the groove, and the outer being the highest part 
or long side, a c, of the triangle will generate a curve, winding : of the thread ; the larger one representing the cylinder before 
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the grooves are cut $ the other, the cylinder as it would be if the 
thre^ were completely turned off. 

Screws are named! according to the form of their thread — as 
V (or angular-threaded), square ^(or round-threaded). 

Screws, as a matter of course, work in au aperture corre- 
sponding with the thread and grooves of the screw ; this is called 
the 7 iut, or matrix. 

Fig. 251 is the half -plan of a Y-threaded screw. The larger 
semicirolo represents the outer, and the smaller one the innor 
cylinder already spoken of. 

Divide these into any number of equal parts, as A, B, c, d, 
etc., and draw radii. 

Now, devoting the attention for the present to the projection 
of the edge of the thread, the outer semicircle only is used. 

From A and a (Fig. 251) draw perpendiculars, which will give 
the elevation of the outer cylinder (Fig. 252). 

Now sot off at A the height of a pitch, a a\ and divide it 
into a number of parts corresponding with those into which the 
circle has boon divided — ^viz., a, 5, c, d, etc. 

From each of those points draw horizontalB, and from the 
points correspondingly lettered in the plan, raise perpendiculars ; 
these intersecting, will give the points, XXX, through which 
the helix forming the thread of the screw is to bo traced. 

The helix for the bottom of the groove is to be projected 
similarly. The curve, however, must start from the horizontal 
g ; that is, midway between a and a'. 

Wlien the first curve has boon drawn, and the starting-points 
for the threads on the inner and outer cylinders have been 
found, the carves throughout may, for convenience, bo drawn 
by moans of a templot. This, however, is only to be used as a 
ruler, to draw the linos by mechanical means when the points 
have been duly projected. The draughtsman having acquired 
the power of drawing the curves by hand, may avail himself of 
the templet for expedition in making the drawings required for 
business puriX)B 0 S. 

To make those templets (say the larger one), draw a straight 
line on a piece of veneer, and on this, starting from A, erect the 
porpendi(5ulars, b', c', d', f', and <3. 

Let the height of a bo equal to G K, and make the height of 
each of the others correspond with the height of the intersec- 
tions XXX. Trace the curve most carefully by hand, out it 
out with a ponktnfo, and finish with fine glass-paper, slightly 
rounding the edges on both the front and back, so that the 
same templet may bo used on either side. It is scarcely neces- 
sary to remark that the templet may bo as wide below the lino 
A o as may bo oonveniont. 

The V form of the thread is obtained by joining the interior 
angle of the groove with the angle of the thread of the screw. 

Fig. 253 is the plan and Fig. 254 is the sectional elevation of 
the nut for this screw. It is projected in precisely the same 
manner, the reverse curves being strongthenod. Figs. 252 and 
263 may bo projected simultaneously when both plans have 
been drawn, as the horizontals a, 6, c, d, etc., may be carried 
across, and so servo for botli figures. 


APPLIED MECHANICS.— IX. 

BY SIR ROBElp BTAWELL BALL, M.A., LL.D., 

Aatronomer-Koyol for Ireload. ’ 

THE BTEAM-HAMMER AND ROLLING-MILLS, 

Wb commence in the present lesson a short aooount of the 
maohinory which is used in iron-working. Foremost among the 
tools used in this manufacture is the steam-hammer, the in- 
vention of Mr. James Nasmyth. This machine has enabled 
forgings to be accomplished with facility which without its 
aid would have been altogether impossible; in fact, it has 
effeoted a complete revolution in the working of wrought-iron. 

Before the introduction of Nasmyth’s patent, Ahe only assist- 
anoe whioh steam hod given to human labour in forging was 
the helve or tilt-hammer, whioh is still extensively us^ for 
certain classes of work. After pig-iron has been puddled, the 
** blooms,” 08 the masses of iron are termed while still white- 
hot from the puddling fxumaoe, are dragged to the ** helve.” 
The helve is shown in Fig. 1. It is, in reslity, a lever of the 
first order. In the centre is the fulcrum about which the 


hammer turns; at one end is the heavy mass whioh forms 
the head of the hammer; at the other the power is applied; 
this consists of a cam (p. 408), which, by its revolutions, raises 
the lever, and then allows it to fall; under the head of the 
hammer is the anvil, on whioh the bloom is placed. A blow is 
given with every revolution of the cam, and the intensity of the 



Fig. 1. — THE HELVE OR TILT HAMMER. 


blow depends upon the height to whioh the head of the hammer 
is raised. Sometimes the fulcrum is at one end of the helve, and 
the power is applied at the centre. In this case the machine is 
tt lever of the first order. 

The magnitude of the blow which can be given by the helve, 
when a lover of the first order, will be understood from the 
accompanying figure (Fig. 2). Suppose a be the fulcrum, and 
that a weight at b is raised up to c, moving in the arc of a 
circle ; the actual height to which n is raised is measured by 
the perpendicular c r. The number of units of work expended 
in raising the weight is — vv^ x c P, 

where w is the number of pounds in the weight, and c p the 
number of feet in tlie line c i». Thus, for example, if c r wore 
2 feet and w 600 pounds, the product would bo — 

2 X 500 = 1,000 fool-poimds. 

By the principle of work which wo have already explained, the 
blow must perform as many units of work in its effect as wore 
originally given to it ; houoe the 

blow must effect 1,000 units v 9 ^ 

of work upon the bloom sub- y < 

mitted to it in the case wo have \ 

supposed. Suppose the bloom, yr \ 

which may bo a mass seven or \ 

eight inches thick, receive a com- \ 

pression of half an inch from a ^ 

single blow, then the helve \ 

must exert a sufficiently groat ^ -I 

pressure throughout that half- ^ P 13 

inch to expend all the 1,000 

units of work. The pressure must therefore be — 

24 X 1,000 = 24,000 units of work ; 

thus the helve oompressos the bloom rather more than a load 
of ton tons would do if placed directly upon it. 

The helve, though useful as an economical expedient for 
saving human labour, is in many ways an inefficient instrument. 
In the first place, since the head of the hammer is really moving 
in the ore of a circle, it is incapable of giving a flat blow to a 
large piece of work ; the portion of the metal which is near the 
hinge about whioh the helve turns is unduly compressed, while 
that whioh is furthest away from it receives scarooly any blow. 
It is also not found practicable to control the magnitude of 
the blow, whioh is, therefore, always of the same magnitude. 
Those oiroumstanoes have led to the invention of the steam- 
hammer, shown in Fig. S. 

A A are two upright supports of cast-iron ; d is an inverted 
cylinder in whieffi a piston moves : this piston is attached to 
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*** ^ Bijithioh passes through a stuffing-box in the usual 
®"^ *‘‘® P“*°“ **•* hammer-head, »k», is 

awaohed. As the piston rises and falls the hammer-head moves 
up and down between thevertioal guides. The piston-rod is 
at^hed to ihe hammer by an elastio paokihg of wood, the 
object beingf to protect the pistoxi' 

®od Crom the effect of the blows 
. which the hammer delivers. 

The hammer in Kasmyth’s original 
invention is allowed to fall by its 
own weight ; the only object of the 
steam is to raise it. It is, ^erefore, 
only necessary to provide for the 
admission of steam to the lower port 
of the cylinder when the hammer is 
to be raised, and to allow it to escape 
when the hammer is to fall. In order, 
however, to oontrol ihe action of the 
hammer mth facility, and to render 
it self-acting when necesBary, several 
very ingenions contrivances have 
been introduced, a description of 
which will be necessary. 

At the bottom of the cylinder is a 
slide-valve, included in the box J. 

When in one position this valve ad- 
mits steam to the bottom of the 
cylinder, and when it is moved to 
the other position it opens com 
munication between the bottom of 
the cylinder and the external air. 

^e rod which moves this slide 
is shown at l L ; the other end 
of this rod contains a piston which 
slides in the cylinder m. This 
cylinder is called the steam-spring 


the cylinder is placed in oommnnioation with the air, and the 
supply of steam is stopped j the consequence of this is that the 
hammer falls and delivers a blow upon the mass placed on the 
anvil, the magnitude of which depends both upon the weight of 
the hammer and the distance through which it falls. 

Near the top of the oylinder are a 
number of holes. These holes dis- 
charge a twofold duty ; in the first 
place, they enable the air to escape 
from the upper port of the cylinder 
when the re-admitted steam foroos 
the piston upwards. When the 
piston attains a certain height it 
closes these holes, and then a creushion 
of air is intei^sed between the 
piston and the top of the cylinder, 
to prevent a collision. 

The most beautiful part of the 
mechanism of a steam-hammer con- 
sists in the contrivanoes by whioh it 
becomes self-acting, so as to deliver 
any number of blows of any required 
intensity. The arrangements by 
whioh this is accomplished will bo 
understood from the figure. The 
problem required may be thus stated. 
After a blow has been delivered, the 
machine must re-admit steam to the 
oylinder, and then, when the hammer 
has been raised a certain height, the 
valve must bo olosed. 

Two right and left vortical screws 
of equal pitch are shown at u F; these 
screws are connected by two equal 
pinions, so that when the screw F is 
turned by the handle q attached io 



Fig. 3. — THE STEAH'-HAMMEB. 


it is always provided with steam in its upper part by a 
pipe which leeids from Thus the constant effect of the 
steam is to keep the rod L and the slide-valve attached to it 
pressed down, and thus to keep the hammer raised. In order, 
therefore, to a^ow the hammer to fall, the rod L L must be forced 
upwards against the steam in the spring K. This con be done 
bjr depressing the rod p p, which is under the oontrol of the 
workman in charge of the machine* When the valve is raised, 


the bevelled wheels, the two screws are turned with equal velo- 
cities m oppofflte directions, and thus the nuts are made to move 
paraUel to each other with equal velooitieB. The bevelled wheel 
upon p slides upon it, but is prevented from turning round upon 
it by a feather; this is to enable the screw p p to be depressed 
without altering the position of the bevelled wheel. The nuts 
upon the screws carry the lover o o, at the extremity of whioh a 
small roller, o, is placed; now, by turning the handle at o, the 
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roller o can bo placed at any height along the guides between 
which the hammer-head moves. When the hammer in its 
ascent encounters this roller, it forces it upwards ; this de- 
presses the end of the bent lever which turns on a fulcrum on 
the screw u, depresses P P, and closes the steam-valve. With 
this arrangement alone, however, the hammer could not fall to 
the anvil, for the moment it began to descend the action of the 
steam spring would open the valve, and restore the levers to 
their original position. An arrangement has, therefore, to be 
provided by which the rod D must bo held up against the 
steam spring during the descent of the hammer. There is an 
enlargement upon the screw-shaft p, a little below the bevelled 
wheel, and there is a small trigger which, when the screw is 
forced downwards, drops upon the narrow portion of the shaft, 
and detains the screw in its depressed condition. It follows, 
therefore, that when the hammer has raised o, the steam-valve 
is permanently shut until the trigger is drawn back. An in- 
genious arrangement enables the hammer itself to disengage the 
trigger the moment the blow is struck. A piece called the latch, 
X, is attached 


of the proper form to give shape to the bar ; it is sent through 
these grooves, and finally, after passing thiough a series of them, 
it is a complete railway line. It is then, while still retaining o 
groat deal of the original heat which it had as an ingot, carried 
to a saw-mill, which outs off the ends, thus making the bar 
neatly finished, and of the proper length. We oondense the 
following account of the rolling of iron from Fairbaim’s work 
upon iron : — 

“ There are different kinds of rolling-mills used in the iron 
manufacture, and they vary considerably in their dimensions, 
according to the work they have to perform. The first through 
which puddled iron is passed ore called the puddling rolls; 
there are others for roughing down, which vary from 4 feet 
to 5 feet long, and are about 18 inches in diameter; those for 
merchant bars, about 2 feet 6 inches to* 3 feet long, and 18 
inches in diameter, are in constant use. The boiler-plate and 
black sheet-iron rolls arc generally of large dimensions ; some 
of them, for large plates, are upwards of (1 feet long and 18 
to 20 inches in diameter. These require a powerful engine, and 

the memen- 


to the hammer 
head ; it is 
usually kept 
in position by 
a spring, but 
when the de- 
scent of the 
hammer is 
suddenly 
checked by 
ihe delivery of 
the blow, the 
inertia of the 
latch X carries 
it forward, 
and the end 
of the latch 
kicks against a 
piece, as. The 
piece s 8 is 
capable of 
moving like 
one side of a 
parallel ruler ; 
it transmits 
the pressure 
to a piece v, 
which then 
pushes back 
the trigger w, 



turn of a large 
fly - wheel, to 
carry the plate 
through the 
rollers ; and 
not unfre- 
quontly, when 
thin wide 
lilatcs have to 
bo rolled, the 
two combined 
prove unequal 
to the tusk, 
and the result 
is the plates 
cool and stick 
fast in the 
mkldlo. The 
greatest care 
is necessary in 
rolling plates 
of this kind, 
as any neglect 
of tho speed 
of tho engine 
or the setting 
of tho rolls 
results in tho 
breakage of 
th.o latter, on 


and allows the 


the one hand, 


ascent of the screw P. In this way the hammer will deliver blow 
after blow, and tho action is at once arrested by tho attendant 
raising the handle at T ; tho hammer then oscillates backwards 
and forwards, giving time for tho adjustment of the work. Tho 
actual form of the steam-hammer when in use is shown in Fig. 4. 

Tn the manufacture of wrought iron and steel, tho rolling- 
mills are of not less utility than tho steam-hammer. The 
ordinary bar and rod iron, which is used for such multitudes of 
purposes, is produced by rolling ; and heavier masses, such as 
iron plates, railway lines, or armour-plating for ships, are also 
manufactured by rolls. Wo shall commenoo our description 
of the rolling-mills by a brief account of tho manner in which 
railway bars are mode from Bessemer stool. 

The Bessemer steel, after having been oast in large ingots from 
the ** converter,*' soon solidifies ; as soon as the ingots are set, 
though BtiU brilliantly white-hot, they are soised by hvdranlio 
cranes, raised from their moulds, and carried off to the rolling- 
mills. The ingots are in tho form of parallelopipeds, verr unlike 
the railway bars into which they are to be converted. Those 
ingots are seised between a pair of rollers driven b> very 
powerful engines ; the rollers compress tho ingot and elongate 
it; it is then passed again and again through the rollers, and gra- 
duallybeoomos a long bar. In ^e rollers are groove. which are 


or bringing tho former to a complete standstill on the other. 
The speed of tho different kinds of rolling-mills varies ac- 
cording to the work they have to perform. Those for merchant 
bars make from 60 to 70 revocations per minute, whilst those 
of largo size, for boiler-plate- are reduced to 28 or 30 ; others, 
such as the finishing and guide rollers, run at from 120 to 400 
revolutions per minute. In Staffordshire, where some of the finer 
kinds of iron are prepared for the manufacture of wire, the 
rollers are generally made of cost-steel, and run at a high 
velooity. Such is tho ductility of this description of iron, that 
in passing through a succession of rollers it will have elongated 
to ten or fifteen times its original length, and when completely 
finished will have assumed the form of a strong wire, a quarter 
to three-eighths of an inch in diameter, and 40 to 50 feet in 
length. 

“ A high temperature is an indispensable condition of snooeas 
in rolling. The experience of the workman enables him to 
judge from the appearance of the furnace when the pile is at a 
welding heat, so that when compressed in tho rolls the particles 
will nnito. Sometimes it is necessary to give a fine polish or skin 
to the iron as it leaves the rolls, but this can only be done when 
tho iron cools down to a dark-red colour, and by the practised 
eye of an intelligent workman.'* 
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P«opl«s Of tbo World. Tho. By Dr. Robert Brown. lUus- 
Irateii. Sijt Vr^Js. Hacli. 

Ooianttios of tllO Worlds Tbe. Dy Rol^ert Brown, M A. 

P. L.S., P.K.fi.S. Complete in Six Volb., with 750 l»iustrations. 
ll'ach. {See also 37b. 6<l,) 

OMOOU’a CoaolM fTrrtlttPtlHn With Ctm illustrations. A 
CyclopJcJia in One Volume. A'ew and Cheap Edition. 


Year«Book of Treatment, Tl&e. A Critical Review for l^r.ic- 
titioners of Medicine. Seventh ye.ir of publication. Greatly 
PnJarnc‘<i. 500 p.it.'C'i. 

Sttaday 8oi«p Boole* Cloth, edgres. {See also S^.) 

BUetorp Scrap Boole. Cloth (See also ss.) 

Qvur Own Oountrp* Complato in Six Vols. With aoo OriKiiiMl 
in each VoL E.ach. 

SaieUalii Utorature, Dlctlonarp of. By w. Duvenport 

AdaniJi. Cloth. zoh. 6d.> 


SlmltaperOf Tbe Leopold. 

Sea, Ttiei Its Stirrlns Storp of Adventure, Peril, 

p.Tvhymi; - - - - - .-w . 


and KeroSem. By P. 

lilijstrations. Pacli. {See also as‘i. ) 

World of Weadere, Tlie. Two Vols. 
World of Wit and Humour, Tfae. 

tlons. 


Koxhurt.'h. (.See also 6d. rtw/fss.) 

of Adventure, Peril, 

Pour Vols., with 400 Orijiina) 


lUubtratcd. Each. 

With ii)>out 400 lllustra- 


Natural Hietorp, OaeselVe Oondee. By Prof. h. Perceval 
Wright, M.A, Illustrated. Cloth. alto los. 6d.) 


lUELtaioirs. 

Quiver** Voluma, Tbe. AVw and Enlart^ed Series. With 
'.<*veral hundred Originut Contributions. About ooo Original Illus- 
trations. Clotli. 

Parrar*» Xatfe of CJlirlet. Popular Editiote. Cloth, gilt edges. 
(See also 6s., los. 6d., if;s., a4.s.. and 42s.) 

Farrar’s Barlp Baps of Ohrlstianltp. Popular Ldi/ion. 

Clod), gilt edges, (.iec also Or.., los. 6(1., 15.S., a4^'., and 401*,.) 

Farrar's, Life and Work of St. Paul. Papu/ar E,Wio». 

Cloth, gilt edges. (See uLko os., ius. 6d., i^s., ais., 1:4s., and 42;.. ) 
Bible Biotlonarp, Cassell’s. With nearly c«> illustrations, 
(doth. (.V,* «/.(!» ins, 6d. I 

**Bundapi” Its Orlpin, Klatorp, and Present Otdi- 

f ration (Bamplun i.ecture.s, i8oo). By the Ven. Archdeacon 
iessey, D.C.L. Li/th Edition. 

Child’s Xdfe of OhriSti The. With about 300 Original illus- 
trations. Cloth los. 6(|. a«n! ais.) 

Child’s Bible. Cheap EditiiM. Illustrated. Cloth. (.W k«. 6d, ) 

Bunsran’s Pilprim’s Prepress. llinstrat<?d. Cloth, bevoUed 
iioards, red edges. also 6d. and 5s,) 
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Bledieal and CUnleal BlantUOS. A List post free on appli- 
cation. {See (ilso 7S. (n\.,attd 9s.) 
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Conquests of the Cross. Edited by Edwin Hnddnr. Illustrated. 
Vols. I. uilU H. i.'.ac'h. 

Vols. I. and II, Ftdiy Illustrated. 


Adventure, The World of. 

Each, 

Queen ^yictqria. The Life and Times of. Complete in 
'I wo Vols. illustrated. P.ucb. 

lir. Robert Brown, P. I,.S. 


By 

L I'inte.s and numerous Wood £ji- 
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Our Barth suad its Storp. 

Comj»l«tc in j V'obs. VVitti Coloured J 
gravings. Each. 

Blsetricltp in the Service of Man. A Popular tmd Practical 
Tre.itiso. With nearly 850 lllustratiuas. (Cheap hdition.) 

Oleaninqs from Popular Authora Complete in Two Vols. 

With Original Illustrations by the best artists. p.zi,h. (.See al.\o 153.) 
Natural Kistorv, Cassell’s New. idlired bv Proi. p. 
M.artiu Duncan, M.D., P.K.S. Complete in Six Vols. Illustrated 
throughout. Extra crown 4to. Each. 

Oiriversal Historp, OasseU’s lUustrated. Voi. 1.. Early 

and (.reek HKlory. Vol. If,, The Roman I'criod. Vol. III., I ho 
Middle Ages. Vol. 1V\, Modem Hislorj'. With Illustrations. Each. 

Baslaud, Cassell’s Illustrated Kistorp of. With about 
2,o»x» Illustrations. Complete in Ten Vols. Each. A'ew and Pernsed 
L.Uttio/i. Vols. 1., II., 111., and IV. Each. {See also £^.) 
Protesta nt ism, The Historp of. By the Rev. a. Wyiie, 
1.1 ..D. riireo Vols. With 6 iki lllusti aliens. E.'icU. {See also 30s,) 

United States, Kistorp of the (Cassell’s). Complete in 
Three Vols. About 6<x> Illustrations. Each. {See also ujsi. and 
^'Familp Magasine” Volume, Cassell’s. With about 
4<x» Original Illustrations. 

British Battles on Xmad and Sea. Three. VuE. with 
about 600 Engravings. Each. 1 Ac 30s. ) 

Battles, Recent British, illustrated. {See also los.) 

Russo-Turkish War, CasseU’s Kistorp of. With .about 

sou lUiistxatlons. Two Vols. Each. (.SVv a/.va 15s. ) 

India, Cassell’s Historp Of. By J.anu'H Gnmt. with .about 400 
illustradons. Two Vols. p.ach. 

XK>ndon, Old and New. Complete In Six Vols. Each containing 
about »>i illuHlrations. Ivacli. {Sec also 
Bdinburah, Cassell’s Old and New. Complete in Three 
Vols. With 60a Original Illustrations. Each. {See also ^^s. and 
XiOndon, Oreater. Complclo in Two Vuls. By Edward 1 
With about 4<.»o Original Jlluslrulions. Eiacli. (See also aus.) 
Science for All. Revised Eduion. Complete in Pive Vuls. Elach 
containing about 350 lllustiations and Diagrams. Each. 

Medical and Olinical Manuals. A List post free on appli- 
cation, (See also 5.S., 7s. 6d., and 8s. 6d.) 

School RepietorS. (For description, ife is. 4(1. » 

B^tles, Rooent British. / ibrary Edition. {See also 9s.) 


Memoir. Compiled from his 

ihary. \Vith t^tralt and Three lUustrations. By P, M. Hcd^a' 
Clmh gilt. 

xafe ot ths Rev. J, O. Wood, The. Bv Ids son, the Rev. 

I heotlore WoikI. With Portrait. 

Oblebrittes of the Oenturp. Being a Dictionary of the Men 

and Women of the Nhicteenth Century. Edited by Uovd C. 
Sunders. Cheap Edition. Cloth. ^ ^ 


Farrar’s Xdfe COf Ohrlst. Po/Itlar Edition, Per.sian morocco, 
(See also 6s., 7s. 6d., rss., 94a., aua^^a.) 

Farm’s Xdfe and Work of St. Paul. Pepu/ar EdiHon. 
Persian morocco. (See also 6s., 73. 6(1.. 15s., 21s., 94s., and 423.) 

Farrar’S Barlp Daps of Ohristianitp. PoptUar Edition. 
rersLin morocco. {See also 6s., 73. 6d.. 34s.. and 435.) 

Child’s Xdfe of Christa Ths. with about soo Original Illus- 
trations and Six Coloured Platcni. Cloth, gilt odges, {See also 7s. 6d. 
and VIS.) 

Child’s Bible, .'superior Edition. With slkj Illustrations and Six 
Coloured Plates. Cloth, gilt edges. {See also 7s. 6d. ) 

Domestic XMctlonarp, The. Roxburgh. (See also JH. 6d.^ 

Oookerp, OasseU’s XMctlonarp of. illustrated throughout. 
R oxburgh. (See also 7s. 6d. 1 

Bible Dictionarp, OasseU’S. Roxburgh. (.SVr also ja. 6d. ) 

The Polptechnlc Technical Scales. On celluloid (in case >. 
I'er set. {See also is.) 

Architectural Drawiap. By Phend Spiers. Illustrated. . 

Encpclopasdlc Dictionarp, The. A Now and Origin.a Work 
of Relcrenr.o to .-dl the Words in the English language. Complete 
in Eourtoeii DivLsiouul V'ol.s. Each. {See also 3xs. and 353.) 

Enidich Kistorp, The Dictionarp of. Cheap Edition. {See 

also 

Enpllsh Xdterature, Dictionarp oi, Roxburgh. (See also 

7 S. 6a.) 

Arabian Nlahts Entertalnmonts, The. With iilu.-vtrutions 
by Gusbivi! Dote, ami other well-known Artist.-;. New Edition. 

Natural Kistorp, OasseU’s Concise. By Prof. E. Perrev.^t 
Wright, M.A. Illustrated. Koxluirgli. (See also ps. td.'i 

POUltrp, The Book of* By Lewis Wright. Popular Edition. 
With lllustratiuiis on Wood. (See alw;sv^. (A. and £9 aa.) 

Chtn and its Development, The. With Notes on Sh«u>ting. 
By VV'. W. Greener. With llliistraliniu.. 

Keroes of Britain in Peace and War. With Illustra- 
tions. Library binding, Two Vols. in (iiiu, (.Srr also 5s. and 12S. 6d,) 
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Modem Europe, A Historp of. By C. A. Fyde, M.A. 
Hollow of University Collogc, Oxford. Three Vols. Kacli. 

Cassell’s Miniature Shakespeare. Complete in 12 \'(>k 

In Box. (See al.\'o xs. and vis. ) 
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^'Clr^avM in the Rock | ” or, the Xistorical Accuracp of 

the Bible, (amfirmeil by roffreace to tl • Assyrian and 1‘ gypti.au 
Sculptures in the Brjtl.sh Museum and clst^wlu’rc. By Rev. Dr. samm I 
Klnns, H.U.A.S., Kic. Witli Nnuieroiis }•■ngravmgs. 

Familiar Trees. Complete in Two Series. With Forty Coloured 
J‘laUi.s. Lath, 

Osurden Flowers, Familiar. Complete in Five Scries. Forty 
Coloured Plates in each. Cloth gilt, in cardboard box, or iiiororu), 
clutii sides. Each. 

Wild Birds, Familiar. Complete in Four Series. By W. 
Swnyal.an(l. V\"ith Forty Full-j-Kige exqui-situ Coloured Illnstr.i lions. 
CTotii gilt, in cardboard box, or morocco, cloth .sidet,. Each. 

Wild Flowers, Familiar. Complele in Five Series. By F. F.. 
Htiliuc, F.I_S,, F.S.A. With Forty FuU-p.age Coloured Plates iii 
each, and Descriptive Text. Cloth gilt, la cardbo.ard bo-c, or moroo n, 
cloth .sides. liach. 

Keavens, Tbe Storp of the. By Sir k. Stuweli Ball, LL.i).. 
I'.K.S., F.R. .A..S., Royal Astrotioinur of Ireland. Popular Lituum, 
Iltubtraled by Chromo I’lfiles and Wood Engravings. 

Heroes of Britain in Peace and War. with 300 Illustra- 
tions. Two Vols. ill One, hovelled boards, gill edges. {See also 5.S. 
and los. od.) 
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The Cabinet Portrait Oallerp. Containing 36 Cabinet Photo- 
graphs ol Eiiiiucnt Men and Woiueii. With Biogrui>liical Sketches. 
First Series. 

Enslish Kistorp, Dictionarp of. Roxburgh. {See also ms. od.) 

Farrar’s X4fe of Ohrlst, The. Popular Edition. Treu-catf. 
(Ar also txi., 7s. 6d., tos. 6 d., 343., and 43s,) 


Farrar’S Xdfe and Work of 8t. Paul. Popular Pditiou. 
Tree-call. i.sV<r also 6s., 6d,, los. t)d., 21s., 343., and 423.) 

Farrar’S Earlp Daps of Ohristianitp. Popular Edition. 
Treo-calf. (See also 6s,. 7s. Od., los. 6d., 34.3., and 423.) 


Bhakspere. The Rosml. Complete in Three Vul& 

Plates .and Wood Engravings. Each. 

Cassell’s Pictorial Scrap Book. 

Jllustration.s. {See also 3s. Od. and sis.) 

British Ballads. With Several Hundred Origlual lUustrations. 
Complete in T wo Vols. Cloth. 


WiUi Sleet 
Containing nearly s.txu 


Xndia, Cassell’s Kistorp of. 

Illustrations. Two \'^ols. in One. 


By James Grant With aWjt 400 
Library Edition. {.See also 9s.) 


Russo-Turkish War, CassoU’s Historp of the. illus- 
trated. Library Binding III One Vol. [See aEo tjt.) 


leanlnps from Popular Authors. 

Cloth, gilt edges. {.See ahe 9s.) 


Two Vols. ill One. 


15/- 


Waterloo X-etters. Edited, with Explanatory Notes, by Major- 
(•enctal Sibornn, C.B. With Plans and Diagrams, 



Mapaalne M Art, The. Yearly \'aL with xe EtidilngR, Photo- 
gravures, 5cc„ and Several Hundred Engravings. Cloth gilt, gilt 
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